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I, Atsushi Sogabe, hereby declare that: 

1. I am a citizen of Japan. I graduated in March of 1988 from the Laboratory 
of Applied Microbiology in the Department of Agricultural Chemistry at Shizuoka 
University in Shizuoka, Japan. I have been employed by Toyo Boseki Kabushiki Kaisha, 
the assignee with respect to the above-identified application, since April of 1988. As of 
July of 2003, 1 have been temporarily transferred to Toyobo Research Center Co., Ltd. I 
have been engaged in research in the fields of Enzymology and Molecular Biology. 
Accordingly, I am familiar with the knowledge of one of ordinary skill in the art of 
enzymes as of at least 1996. 

2. I am one of the inventors named on U.S. Patent 6,080,553. I have read 
U.S. Patent 6,080,553, which I understand is related to the above-referenced reissue 
application. 
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3. U.S. Patent 6,080,553 pertains to creatine amidinohydrolases, which are 
described in various terms, including by reference to isoelectric point, in that patent. 

4. The isoelectric point (pi) refers to the pH of a solution at which the total 
charges of an amphoteric electrolyte becomes 0 (i.e., neutral). The twenty different 
amino acids, which make up proteins, are amphoteric electrolytes having positive charges 
(e.g., amino group) or negative charges (e.g., carboxyl group). Each amino acid has a 
specific pi value. Accordingly, a protein composed of amino acids is an amphoteric 
electrolyte having a pi value unambiguously determinable experimentally or from the 
amino acid sequence of the protein. 

5. U.S. Patent 6,080,553 provides the amino acid sequence of wild-type 
creatine amidinohydrolase derived from Alcaligenes faecalis in SEQ ID NO: 1 . Therefore, 
an ordinarily skilled artisan would be able to determine the pi value of the wild-type 
creatine amidinohydrolase by experiment and/or by calculation. The ability to do so was 
within the skill of an ordinarily skilled artisan since at least 1996. 

6. U.S. Patent 6,080,553 describes the mutation of a wild-type creatine 
amidinohydrolase to create novel creatine amidinohydrolases with lower Km values. To 
preserve the inherent function and the physicochemical properties of the wild-type creatine 
amidohydrolase, the difference in the amino acid sequence between the source material 
and the mutants, or between different mutants, would have to be relatively minimal. 
Such small differences in the amino acid sequences of the mutants as compared to the 
wild-type amino acid sequence would not result in a significant difference in the pi value 
of the mutant creatine amidinohydrolases as compared to the wild-type enzyme. 

7. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, 
would have understood that U.S. Patent 6,080,553 describes three specific novel creatine 
amidinohydrolases, which can be obtained from the following deposited materials: 
Escherchia coli JM109 (pCRH273M2), Escherchia coli JM109 (pCRH273Ml), and 
Escherchia coli JM109 (pCRH273M3). By comparison of Tables 2, 4, and 6 set forth in 
U.S. Patent 6,080,553, it is apparent that the majority of the physicochemical properties 
are conserved between the novel creatine amidinohydrolases, including the pi value. 
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8. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, would 
have understood that U.S. Patent 6,080,553 also describes a group of novel creatine 
amidinohydrolases that include the three specific novel creatine amidinohydrolases disclosed 
in U.S. Patent 6,080,553. 

9. If an ordinarily skilled artisan read U.S. Patent 6,080,553 in about 1996, the 
ordinarily skilled artisan would have recognized that these three specific novel creatine 
amidinohydrolases (described in U.S. Patent 6,080,553) are a representative subset of a 
group of novel creatine amidinohydrolases (also disclosed in U.S. Patent 6,080,553) with a 
shared set of physicochemical properties. The ordinarily skilled artisan also would have 
recognized that the pi value would be conserved among the members of this group of 
novel creatine amidinohydrolases as a function of conserving the function and 
physiological properties of the novel creatine amidinohydrolases. 

10. If an ordinarily skilled artisan determined the actual pi value of the three 
specific novel creatine amidinohydrolases described in U.S. Patent 6,080,553 and found 
the actual pi value to be different from the pi value reported in U.S. Patent 6,080,553 for 
those three specific novel creatine amidinohydrolases, the ordinarily skilled artisan 
nevertheless would have understood that the pi value characterizing the group of novel 
creatine amidinohydrolases would be about the same as the actual determined pi value 
characterizing the three specific novel creatine amidinohydrolases that are members of that 
group. One of ordinary skill in the art would have had that understanding in 1996 and 
would have that same understanding today. Reading U.S. Patent 6,080,553 either in 1996 
or today, one of ordinary skill in the art would believe that the inventors listed on U.S. 
Patent 6,080,553 had possession of the group of creatine amidinohydrolases with a pi 
value that was the same as the pi value of the three specific novel creatine 
amidinohydrolases described in U.S. Patent 6,080,553, even if the actual pi value for these 
three specific novel creatine amidinohydrolases differed from the pi value reported in U.S. 
Patent 6,080,553. 

1 1 . The pi values of the creatine amindinohydrolases described in Examples 4, 
5, and 6 of U.S. Patent 6,080,553 were determined experimentally in the following manner. 
The three deposited bacterial strains that produce the creatine amidinohydrolases described 
in Examples 4, 5, and 6 of U.S. Patent 6,080,553 (i.e., Escherichia coli JM109 
(pCRH273Ml) deposited as FERM BP-5374, Escherichia coli JM109 (pCRH273M2) 
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deposited as FERM BP-5375, and Escherichia coli JM109 (pCRH273M3) deposited as 
FERM BP-5376, respectively) were obtained from the International Patent Organism 
Depository (IPOD), a Japanese International Depository Authority. Each bacterial strain 
was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 0.5% sodium chloride, 
pH 7.4) containing 100 j± g/ml ampicillin and 1 .5% agar at 30° C for 24 hr. For a 
preculture, a part of the bacterial cells grown was transferred to 5 ml of an L-broth (pH 
7.4) containing 100 li g/ml ampicillin with an inoculating loop, and cultured with shaking 
at 30° C for 16 hr. Then, the obtained bacterial suspension (0.5 ml) was transferred to 50 
ml of a creatine amidinohydrolase-producing medium I (1.2% polypeptone, 2.4% yeast 
extract, 0.4% glycerol, 1.25% di-potassium hydrogen phosphate, 0.23% potassium 
dihydrogen phosphate, and 200 tt g/ml ampicillin), and cultured with shaking at 30° C for 
22 hr. 

12. After the completion of the culture in the creatine amidinohydrolase- 
producing medium I, each bacterial suspension was centrifuged to recover bacterial cells, 
which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
chromatography. The purified creatine amidinohydrolase from each bacterial suspension 
gave a single band with SDS polyacrylamide gel electrophoresis. 

13. Alcaligenes faecalis strain TE3581 described in Reference Example 1 of 
U.S. Patent 6,080,553 was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 
0.5% sodium chloride, pH 7.4) containing 1.5% agar at 30° C for 47 hr. For preculture, a 
part of the bacterial cells grown was transferred to 5 ml of an L-broth (pH 7.4) with an 
inoculating loop and cultured with shaking at 30° C for 16 hr. Then, the obtained 
bacterial suspension (5 ml) was transferred to 500 ml of a creatine amidinohydrolase- 
producing medium II (0.65% creatinine, 1.2% polypeptone, 2.4% yeast extract, 0.4% 
glycerol, 1.25% di-potassium hydrogen phosphate, and 0.23% potassium dihydrogen 
phosphate), and cultured with shaking at 30° C for 48 hr. 

14. After the completion of the culture in the creatine amidinohydrolase- 
producing medium n, the bacterial suspension was centrifuged to recover bacterial cells, 
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which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
chromatography. The purified creatine amidinohydrolase gave a single band with SDS 
polyacrylamide gel electrophoresis. 

15. The pi value of each purified creatine amindinohydrolase described above, 
as well as CRH-21 1, a creatine amidohydrolase derived from Actinobacillus sp. 
(commercially available from Toyo Boseki K.K.), was determined using Fast System 
(Amersham Bioscience), pi Calibration Kit 3-10 (Amersham Bioscience) and pi 
Calibration Kit 2.5-6.5 (Amersham Bioscience) were used for the pi markers. 

16. The pi values of the above-identified purified creatine amidinohydrolases 
were determined to be approximately 4.5, as reported in Figure 1 (see Attachment A). 

17. Additionally, the pi values of creatine amidinohydrolases isolated from 
various other strains are known in the art to be approximately 4.5. For example, the pi 
value of the creatine amindinohydrolase from Actinobacillus sp. is 4.6 (see page 75 of 
"Creatine Amindinohydrolase from Actinobacillus 5/?.," Toyobo Co., Ltd. Catalog 
(Attachment B)). The pi value of the creatine amindinohydrolase of Pseudomonas sp. is 
4.7 (see page 512, second column, last paragraph, of Yoshimoto et al., Arch. Biochem. 
Biophys., 177, 508-515 (1976) (Attachment C); and page 1 of "Creatine 
Amindinohydrolase from Pseudomonas sp." Toyobo Co., Ltd. Catalog (Attachment D)). 
The pi value of the creatine amindinohydrolase of Psuedomanas sp. (expressed in 
recombinant E. coli) is 4.8 (see page 48 of "Creatinase, Pseudomonas species, 
recombinant," Roche Molecular Biochemicals 1999/2000 (Attachment E)). The pi value 
of the creatine amindinohydrolase of Arthrobacter sp. is 4.3 (see Abstract; page 3, first 
column, lines 2-12 and 17-30; and page 5, second column, lines 25-28, of JP 10-257890 
(Attachment F)). The pi value of the creatine amindinohydrolase of Paracoccus sp. is 4. 1 
(see page 5, second column, line 37, of JP 7-274961 (Attachment G)). The pi value of 
the creatine amindinohydrolase of Bacillus sp. is 4.9 (see column 4, lines 10-12, of U.S. 
Patent 4,420,562 (Attachment H)). The pi value of the creatine amindinohydrolase of 
Alcaligenes sp. is 4.7 (see page 2157, penultimate paragraph, of Matsuda et al., Chem. 
Pharm. Bull, 34(5), 2155-2160 (1986) (Attachment I)). 
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18. These results demonstrate that the pi values of the creatine 
amidinohydrolases disclosed in U.S. Patent 6,080,553 are about 4.5, and also that the pi 
values of creatine amindinohydrolases from different strains are about 4.5. Thus, one of 
ordinary skill in the art would have understood that the pi value characterizing the group of 
novel creatine amidinohydrolases disclosed in U.S. Patent 6,080,553 is about 4.5 and that 
the named inventors of U.S. Patent 6,080,553 had possession of such a group of novel 
creatine amidinohydrolases. 

19. I hereby declare that all statements made herein of my own knowledge are 
true, that all statements made on information and belief are believed to be true, that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



Date: 





Atsushi Sogabe 
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Attachment A 



Fig. 1 




Lane ®: pi Marker (pi Calibration Kit 3-10) 

Lane <& creatine amidinohydrolase from Alcaligenes faecaiis TE3581 

Lane ®: creatine amidinohydrolase from £ coli JM109 (pCRH273M1) 

Lane ®: creatine amidinohydrolase from £ coli JM109 (pCRH273M2) 

Lane ©: creatine amidinohydrolase from £ co//JM109 (pCRH273M3) 

Lane ®: creatine amidinohydrolase fron Actinobacillus sp. 
Lane ®: pi Marker (pi Calibration Kit 2.5-6.5) 



•TOYOBO ENZYMES© 
(Diagnostic Reagent Grade) 



Attachment B 



CREATINE AMIDINOHYDROLASE 



from Actinobacillus sp. 




REPARATION and SPECIFICATION 



Appearance 
Activity 

Contaminants 

Stability 
Stabilizers 

SFROPERTIES 

Molecular weight 

Isoelectric point 

Michaelis constant 

Structure 

Inhibitors 

Optimum pH 

Optimum temperature 

pH Stability 

Thermal stability 

Effect of various chemicals 



: White amorphous powder, lyophilized 
: Grade II 6.0U/mg-solid or more 

(containing approx. 50% of stabilizers) 
: NADH oxidase 55.0X10~ 2 % 
Catalase £2.0% 
: Stable at 0-5T3 in a desiccator 
: SugarSi EDTA 



: approx. 100,000 
:4.6±0.1 

:1.9X10- 2 M (Creatine) 

: 2 subunits per mol of enzyme 

: Cu +4 ( Hg ++ , Ag + 

:8.0 

:4013 

:pH5.5-9.0(251C ( 16hr) 

: below 50TJ(pH7.5 t 30min) . 

: (Table 1) 



(Fig.1) 



(Fig.3) 
(Rg.4) 
(Hg.5) 
(Fig.6) 



^PLICATIONS 

This enzyme, is useful for enzymatic determination of creatine and creatinine when coupled with 
sarcosine dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical 
analysis/ 5 
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)SAY 
Principle: 

Creatine+H 2 Q creatineamidinohydrolase > Sarcosine+Urea 
Urea+2(CH 3 ) 2 N-Q-CHO 



; > KCHs) 2 N^ = J^C^N] 2 CO+2H 2 0 

The appearance of yellow dye formed by condensation of urea and p-dimethylaminobenzaldehyde (DAB) (Ehrlich 
reaction) is measured at 435nm by spectrophotometry. 
Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described 
below. 
Method: 
Reagents 

A. Creatine solution 



B. DAB solution 



I 0.1M [1.49g creatine (Merck)/100ml of 50mM phosphate buffer, pH 7.5] (Should 
be prepared fresh) 

: Dissolve 2.0g of DAB in 100ml of dimethylsulfoxide and, to this solution, add 15ml 

of cone. HCl solution. 
: 50mM Phosphate buffer, pH 7.5 



C. Enzyme diluent 
Procedure 

1 . Pipette 0.9ml of the substrate solution (A) into a test tube and 
equilibrate at 371C for about 5 minutes. 
Add 0.1 ml of the enzyme solution* and mix. 



2. 
3. 
4. 
5. 



Concentration in assay mixture 


Phosphate buffer 


50mM 


Creatine 


90mM 



Incubate at 25TC for 20 minutes. 

Measure the optical density at 435nm against water(OD test). 

At the same time, prepare the blank by first mixing the substrate solution with 2.0ml of DAB solution 
after a 10 min-incubation at 37t; .followed by the addition of the enzyme solution, and carry out the same 
procedure as test (procedure 4 and 5)(OD blank). 



* Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to 1.0-4.0 U/ml with the same 
buffer, immediately before assay. 
Calculation 

Activity can be calculated by using the following formula : 

u. i-wM/n AOD(OD test-OD blank) X VtXdf A ^__^ 
Volume activity (U/ml) = 0 321x10xtxVs = A OD X 9.35 X df 

Weight activity (U/mg)==(U/ml) x 1/C 
Vt : Totai volume (3.0ml) 
Vs : Sample volume (0.1ml) 

0.321 I Millimolar extinction coefficient of yellow dye (enf/micromole) 
1 .0 : Light path length (cm) 
t : Reaction time (10 minutes) 
df : Dilution factor 

C : Enzyme concentration in dissolution (c mg/rril) 



TERENCES 
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3) T.Yoshimoto .I.Oka and D.Tsuru \J.Biochem., 79, 1381 (1976). 
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Table 1 .Effect of Various Chemicals on Creatine amidinohydrolase 

each ch2rtcaf] SS ° IVed 5 ° mM Tr ' S " HC ' PH ? ' 5 (8 ° U/ml) W3S incubated at 25l: for 30 minutes with 
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"I 


Triton X-100 


0.5% 


94 


I 


Brij 35 


0.5% 


103 , 


I 


Tween20 , 


• 0.5%/ , 


■ ■ .100 , 


I 


Span 20 


. 0.5% 


.. . . -106 


I 


Na-cholate 


. 0,5% ■■• • 


-.103 


I 


SDS • \ 


> ■•■ : 0.25%, ' 


■ V : '-102 \ 


I 


DAG- • 


v 0.5% 


" ■: 1.7 


I 



Ac. CH 3 CO; EDTA, Ethylenediaminetetraacetate; PCMB, p-Chloromercuribenzoate; MIA, Monoiodoacetate- IAA 
lodoacetamide; NEM, N-Ethylmaleimide; SDS, Sodium dodecyl sulfate; DAC, Dimethyl-benzyl-alkyl-ammonium chloride' 



•are 

5TJ 



1 

0 1 2 3 4 5 6 12 

Period (months) 
Fig.1. Stability (Powder form) 

[kept under dry conditions) 




3 

0' 6 7 8 9 
pH 

Fig.3. pH-Activity 

f 37t; .lOmirweaction in SOmMl 
I K-phoshate buffer I 




100- 



0 4 5 6 7 8 
PH 



Fig.S.pH-Stability 

25 1: , 16hr-treatment with 50mM ' 
buffer solution: pH4.0-5.5. 
Acetate pH8.O9.0, K-phosphate j 



syi^r" r-i *iv 
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Perlod(days) 




20 30 40 

Temperature, "C 



50 




0 20 30 40 50 60 70 



Temperature, 



Fig.2. Stability(Liquid form) 

fin 50 mM K-phosphate buffer, 1 
IPH7.5 j 



FigATemperature activity 

f 10min-reaction in 50mM ] 
[K-phosphate buffer, pH7.5j 



Fig.4. Thermal stability 

f 30min-treament with 50mM ] 
I K-phosphate buffer, pH7.5 J 
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SSttM^Ji (Japanese) 

Lisa' 

Creatine+H z O ^°*<*°«**<*<*° , Sarcosine+Urea 

Urea+2(CH 3 ) 2 N-QkCHO— ► C(CH 3 ) 2 N-Q- 
C=N) 2 CO+2H20 

(DAB) £0$£(EhrichEf&)£fi£!|&(ftfefe3i§) €J± 

A. O.IM^UT^ViSiS (1.49gO^U7 7 f->(Merck 
Si!)£50mMy>8?SSffij8 pH7.5lCjtl$?l / ,100m2 
'2rr<](fflR»MH) 

B. DAB)tiS(2.0aOp-^^;U7'5y\*>X7 7 ;i'f ! t: 

: ili!ilSiS£^to*;tL;fc50mM<J>&Sii 
1.0~4.0U/ra«C^T5o 

©li^tC*M5gj«(A)0.9ine«S»;,37TCTifU5«-^^ 

(D 3 7 1C 7 E ffi IC 1 0 £ O JS Jft <¥ * £ a , D A B & » 
(B)2.0m2Sin*TJ5J5*1$.lt<*-!+-5o . . 

<3)25tT20£mflMtt,435nmC*l*«a%Atfl£ 

*3 (ODtest). 
®W&(i*M»$(A)0.9m«£37t:T10#F H , ]Sfcg?g, 

DAB»»(B)2.ort€iqjtTg*nu*t*?lS**>S 

0.1«ftttjtT>l«-r*.JaTIH*C25lC-W0»niI 
ttBftOftftt»£-4-«(ODblanlO. 

n/ - _ AOD(ODtest-ODblank)X3.0(mg)X&lftfe$ 
U/fflK ~ 0.321 X 1 .OX 1 0(#) X0.1 

= AODX9.35X*&|fie^ 

U/mg u/mexr/c 

0.321 : Jt&£Xa$ij**ft?flK^ft 

(cm/micromole) 
1.0 : 3fc&fi(cm) • 
C : i§»B$<7)K5gigJS(c mg/mg) 
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Creatine Amidinohydrolase of Pseudomonas putida: Crystallization 

and Some Properties 

TADASHT YOSHIMOTO, IMAO OKA, 1 and DAISUKE TSURU 

Faculty of Pharmaceutical Sciences, Nagasaki University, Bunkyo-Machi, Nagasaki 852, Japan 

Received May 18, 1976 

Creatine > amidinohydrolase (EC 3.5.3.3. creatinase) of Pseudomonas putida var na- 
raens* C-83 was purified by column chromatography on sarcosine-hexamethy£neX 
amuie-Sepharose and Sephadex G-200 and then crystallized in the presence 
nmm sulfate. The purified preparation appeared homogeneous on disc &™£o^Zl' 
sis and ultracentrifugal analysis. It was most active at P H 8 and showed a* ^ateTf 

f °, r ,T ati T ° f the m ° IeCUlar We * ht b * the »enis^dep1eHon 

mettod yielded a value of 94,000. A value of 47,000 was obtained, however, by polyacS- 
amide gel electrophoresis in the presence of sodium dodecyl sulfate, sugges^Ee 
enzyme is composed of two subunits. Inhibition experiments suggestedihat a suSydryl 
group is closely related to the creatinase activity. sunnyoryi 

♦w D he P revious P a P er , W> we reported rification, the crystallization and the de 

that Pseudomona* putida var. naroensis tails of the properties ofThe creative 

C-83 mducibly produces three intracellu- from P. putida. This is the first rSSrSJS 

lar enzymes involved in creatinine metab- describe! details of * ^ SstaSbn 

ohsm, i e. creatinine amidohydrolase (EC method and properties of thfc^stal ne 

oxofase TSc^'cZ^ *"^ hl ' ^^fi^P.puiida. A brie/cZnu! 
oroiase ifcL 3.5.3.3, creatinase), and sarco- nication of the purification procedure an- 

Sfn^f ° genaSe (EC 1 - 6 " 9 ?-3 L> - By peared 33 a PreHminary note™ 
action of these enzymes, creatinine is con- 

verted to sarcosine via creatine and fur- MATERIALS AND METHODS 

ther to glycine (1). The same type of meta- u^d art <, conditions. P. putida var 

DOiiC pathway for creatinine has previ- naroensis C-83 was cultivated at 37"C aerobically in 

ously been deduced in the Other two spe- a medium containing 0.5% creatinine, 0.1% yeast 

cies of Pseudomonas, P. aeruginosa (2-4) extr act, o.025% malt extract, and 0.05% NH4CI in 

and P. ovalis (5, 6). However, the details 0,1 * P° tas! * ium phosphate buffer, pH 7.4 u>. After 

of the properties of the enzymes involved cultlvation for 22 h , the cells were harvested by 

have remained unclear. Kaplan and his ^'"^ation and washed twice with 10 mM phos- 

co-workers (7, 8) recently repWSepu- ^TnZl J* ™' ^ 

rification and some enzymatic properties J^ST Z he activiUea of creatini ' 
«f „«,oH..-.» ""ojiuauu. properties nase, creatinase, and sarcosine dehydrogenase were 

of creatmmase and creatinase from Ar- assayed as described previously TuSoSTLT of 

throbacter ureafaciens but the prepara- each activity was deLd as t^e e^e'uantity 

twns Obtained were Still heterogeneous. that decomposes l pmol of substrate per minute 

We attempted to purify these three en- under the assay conditions. Specific activity was 

zymes from cell-free extracts of P. putida ^P^sed as units per milligram of protein. 

grown in a creatinine-enriched medium (1) Preparation of sarcosine-HMSepharose* HM- 

and succeeded in obtaining a crystalline 



creatinase and characterizing its proper- 2 Abbreviations used: HM, hexamethyiendi- 

ties. The present paper deals with the pu- aTnine '' NTB - nitrotetrazolium blue; ORD, optical 

. n« 1 r b . _ rotatory dispersion; PCMB, p-chloromercuriben- 

sale X kLuI-U R T X t? mSl0Tl ' Eik6n K " PMS ' Phenazine ^thosulfate; SDS, sodium 

gaku Co., Katsushika-Ku, Tokyo. do decyI sulfate; BPB, bromphenol blue 
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CRYSTALLINE CREATINE AMIDINOHYDROLASE 



Sepharose was prepared from CNBr-activated Seph- 
arose 4B and hexamethylenediamine according to 
the method of Cuatrecasas (10). This was coupled 
with sarcosine in the presence of l-ethyl-3-(3-di- 
methylaminopropyDcarbodiimide as follows. HM- 
Sepharose (50 ml as packed gel) was suspended in an 
equal volume of water containing 2 mmol of sarco- 
sine and 10 mmol of the water-soluble carbodiimide 
was added to the suspension. The reaction mixture 
was gently stirred at room temperature for 20 h, 
during which the pH was maintained to 4.75 with 2 
n HC1. The resulting sarcosine-HM-Sepharose was 
washed successively with water, 0.1 m NaHC0 3 , and 
water. The preparation was found to contain about 
20 /tmol of sarcosine per gram of dried gel as judged 
by amino acid analysis of the acid hydrolysate. 3 

Disc electrophoresis. This was carried out by the 
use of a pH 8.4 gel according to the method of Davis 
(11). Enzyme preparation (20-50 p.g in 10 was 
loaded on a gel and a current of 2 mA per tube was 
supplied for 1.5 h in the cold. Protein was stained 
with 1% Amidoschwarz. Specific staining of the cre- 
atinase fraction in the gel was carried out by cou- 
pling the creatinase reaction with the sarcosine de- 
hydrogenase system as follows. The gels were 
soaked, after electrophoresis, in 10 ml of 50 mM 
phosphate buffer, pH 8.0, containing 0.1 m creatine, 
50 /ig of phenazine methosulfate (PMS), 50 p.g of 
nitrotetrazolium blue (NTB), and 10 units of sarco- 
sine dehydrogenase at 37°C for 1 h in the dark. This 
treatment had led to the formation of diformazan 
(reduced nitrotetrazolium blue), whose blue color 
showed the position of creatinase. 

SDS-polyacrylamide gel electrophoresis. The 
method of Weber and Osborn (12) was adopted with 
a slight modification. The lyophilized enzyme (200 
Hg) was dissolved in 0.5 ml of 10 mM phosphate 
buffer, pH 7.0, containing 25% glycerol, 1% SDS, 
and 0.01% BPB with or without 0.5% 2-mercaptoeth- 
anol. After incubation at 37°C overnight, 100-/a ali- 
quots of the sample and marker proteins were each 
subjected to electrophoresis on 10% polyacrylamide 
gels at a constant current of 8 mA per gel for 3 h with 
a positive electrode in the lower chamber filled with 
0.1 m phosphate buffer containing 0.1% SDS. The 
gels were stained with 0.25% Coomassie brilliant 
blue R-250 and destained by washing with a mixture 
of acetic acid -methanol -water (35:105:315) for 1 
day. The molecular weight of the sample was esti- 
mated by comparison with parallel runs of the stan- 
dard marker proteins, aldolase, and phosphorylase a 
from rabbit muscle and beef liver catalase. 

Isoelectric focusing experiment. This was done by 
the method of Vesterberg and Svensson as given in 
Matsuo and Horio (13) with an LKB apparatus 
(Sweden). Five milliliters of the enzyme solution 
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was dialyzed against 0.2% carrier ampholyte ( P H 4" 
6) for 20 h, applied to a column (110 ml in volume) 
with a sucrose density gradient and then subjected- 
to isoelectric focusing with a current of 3 mA for 45 h 
at 4°C* 

Ultracentrifugal analysis. The enzyme was di- 
alyzed against 50 mM acetate buffer, pH 5 8 con 
taining 0.1 m NaCl at 4°C for 40 h. The dialyzed 
enzyme solution and the outer solution were used for 
the ultracentrifugal experiments which were per- 
formed at 20°C by using a Beckman Model E Ultra- 
centrifuge equipped with Schlieren and interference 
optics. 

Optical rotatory dispersion. This was measured 
using a JASCO ORD recorder Model UV-5. A quartz 
cell of 20-mm optical path with a 0.5 to 1.0% protein 
sample was used for the measurements over the 

«™ g L*° m Visible to n ear-ultraviolet region 
(300-600 nm). A value of 113.3 was used as the mean 
residue molecular weight, M 0 , which was calculated 
from the amino acid composition. The values of a 0 
and 6 0 were calculated by the method of Urnes and 
Doty (14) and the a-helix content of the enzyme was 
estimated from the b Q value assuming that a poly- 
peptide composed completely of a-helix structure 
gave a 6„ value of -630. 

Amino acid composition. Amino acid composition 
of the enzyme was determined by the method of 
Spackman et aL (15) with a Nippon Denshi JLC- 
6AH automatic amino acid analyzer. Contents of 
half-cystine and tryptophan were determined by the 
methods of Moore (16) and Goodwin and Morton 
(17), respectively. 

The sugar content of the enzyme was measured 
by the phenol-sulfuric acid method (18). 

Chemicals used. Aldolase and phosphorylase A 
from rabbit muscle and beef liver catalase were 
purchased from Boehringer-Mannheim, Germany. 
Creatine, creatinine, sarcosine, dithiothreitol, 
PCMB, and sodium tetrathionate were from Naka- 
rai Kagaku Co., Kyoto, Japan. PMS and NTB were 
products of Dojin Chemical Laboratories Co., Ku- 
mamoto, Japan, and l-ethyl-3-(3-dimethylamino- 
propyDcarbodiimide was prepared at the Peptide 
Center of Osaka University, Osaka, Japan. Sepha- 
rose 4B and Sephadex G-200 were supplied from 
Pharmacia Fine Chemicals, Sweden. 



3 Most of sarcosine was converted to glycine dur- 
ing acid hydrolysis. 



RESULTS AND DISCUSSION 
Purification and Crystallization of Creati- 
nase from P. putida var. naraensis C-83 

AH of the procedures were carried out at 
4°C. The washed cells, 100 g wet weight, 
were suspended in 500 ml of 50 mM phos- 
phate buffer, pH 7.0, mixed with an equal 
volume of glass beads and disrupted by a 
Vibrogen Cell Mill (Edmund Biihler, Ger- 
many) for 10 min. The suspension of the 
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disrupted cells was centrifuged at 10,000 
rpm for 20 min, and ammonium sulfate 
was added to the cell-free supernatant- to 
give a final concentration of 0.8 satura- 
tion. After 3 h, the resulting precipitate 
was collected by centrifugation, dissolved 
in 50 mM phosphate buffer, pH 7.2, and 
then dialyzed against the same buffer for 2 
days. The dialysate was divided into five 
portions and each of them was applied to a 
column (3 x 20 cm) of sarcosine-HM- 
Sepharose which had previously been 
equilibrated with 50 mM phosphate buffer, 
pH 7.2, and the enzymes adsorbed were 
eluted with a linear gradient system of 
NaCl concentration. The reservoir and the 
mixing chamber contained 1 liter each of 
50 mM phosphate buffer, pH 7.2, with and 
without 1 m NaCl. A typical chromato- 
gram is illustrated in Fig. 1. The three 
enzymes related to creatinine metabolism 
were all adsorbed onto the column and 
creatinase was eluted with the buffer con- 
taining 70 mM NaCl, whereas sarcosine 
dehydrogenase and creatininase were re- 
covered at 0.4 and 0.6 m NaCl concentra- 
tions, respectively. Creatinase fractions 




20 40 60 

Frtettoa (umber [10 ml/ tube} 

Fig. 1. Chromatogram of creatininase, creati- 
nase, and sarcosine dehydrogenase on sarcosine- 
HM-Sepharose column. See the text for the experi- 
mental details. Sarcosine D.H., sarcosine dehydro- 
genase. 



from five separate columns were com- 
bined, and ammonium sulfate was added 
to the enzyme solution to give 0.8 satura- 
tion. The precipitate was collected by cen- 
trifugation, dialyzed against 50 mM phos- 
phate buffer, pH 7.2, and rechromato- 
graphed as above. The creatinase was 
again salted out with ammonium sulfate, 
dialyzed as above, and then subjected to 
gel filtration on a column (3 x 120 cm) of 
Sephadex G-200 equilibrated with the 
buffer used above. An almost symmetric 
protein peak with a constant specific activ- 
ity was obtained. Creatinase fractions 
were combined and concentrated by using 
a collodion bag (MS Instrument Co., 
Osaka, jJapan) and the concentrate 
(A 2 bo nm = 29) was dialyzed against 50 mM 
phosphate buffer, pH 7.2, for 1 week, dur- 
ing which a saturated solution of ammo- 
nium sulfate was added dropwise to a final 
concentration of 0.25 saturation. After the 
enzyme soution remained in a refrigera- 
tor for 2 to 5 additional days, the crystal- 
line creatinase appeared in a yield of about 
6% of the original total activity. Figure 2 
shows a microphotograph of crystalline 
creatinase. The specific activity was in- 
creased more than 60-fold by this purifica- 
tion procedure. A summary of the enzyme 
purification is shown in Table I. 

Figure 3 shows disc electroph'oretic pro- 
files of the purified creatinase. A single 
protein band was observed, which also 
showed creatinase activity as checked by 
the enzyme staining method described un- 
der Materials and Methods. A symmetri- 
cal Schlieren pattern was observed 
throughout the ultracentrifugal sedimen- 
tation run of the purified enzyme (Fig. 4). 
Neither creatininase nor sarcosine dehy- 
drogenase activities were detected in the 
purified creatinase preparation. 

Enzymatic Properties 

The enzyme was most active at pH 8 and 
stable between pH values of 6 and 8. Opti- 
mal temperature was at 30°C during 30 
min of reaction, and half of the original 
activity remained after incubation at 45°C 
and pH 7.4 for 30 min. TheK ttl and A Ml {VI 
E {} ) values of the cz*eatinase for creatine 
were determined to be 1.33 mM and 0.246 
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Fig, 2. Micrograph of crystalline creatinase. 



TABLE I 



Purification of Creatinase from P. putida 



Fraction 


Volume 
(ml) 


Protein 
concen- 
tration 
(mg/ml) rt 


Total 
protein 
(g) 


Activity 
(units/ml) 


Total 
activity 


Specific 
activity 


Recovery 
(%) 


Culture broth 


25,000* 






0.019 


475 




100 


Cell-free extract 


1,500 


100.0 


150.0 


0.200 


300 


0.002 


63 


Salting out and dialysis 


430 


97.0 


41.0 


0.388 


166.8 


0.004 


35 


Elution from sarcosine- 


1,200 


0.45 


0.54 


0.045 


54.0 


0.100 


11.4 


HM-Sepharose 
















Salting out and dialysis 


20 


18.40 


0.368 


1.930 


38.6 


0.105 


8.1 


Gel filtration on Sepha- 


85 


3.62 


0.308 


0.420 


35.7 


0.116 


7.5 


dex G-200 
















Crystalline enzyme 






0.222 




28.5 


0.128 


6.0 



* Estimated spectrophotometrically assuming that A\^ m at 280 nm for protein is 11.1. 
6 Contained about 300 g cells wet weight. 



+ < 




Fig. 3. Disc gel electrophoretic patterns of purified creatinase. (A) Stained with 1% Ami- 
doschwarz; (B) detected by the enzyme staining method. 
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Pio. 4. Sedimentation pattern of purified creatinase. Ultracentrifugal sediments™ „,„ 
was operated at 60.000 rem at 20T «,?*>, n ahm, i«a«mu-ii U gai sedimentation run 



s _I , respectively, from Lineweaver-Burk 
plots. 

The effects of some chemicals and metal 
salts on the activity are shown in Table II. 
The enzyme was completely inhibited by 
incubation with 0.5 mM PCMB and 1 mM 
Hg 2 *, Cu 2+ , or Zn 2+ at pH 7.2 for 30 min. 

Physicochemical Properties and Subunit 
Structure 

The enzyme showed a maximum absorp- 
tion at 278 nm and a value of 11.1 was 
obtained as Aj*, at 280 nm from the 
measurements of absorbance and dry 
weight of the purified enzyme. 

The molecular weight of the enzyme 
was estimated by the meniscus depletion 
method of Yphantis (19). Logarithmic 



plots of fringe displacement, In /, versus 
the square of radial distance, r 2 , were al- 
most linear (Fig. 5), indicating the homo- 
geneity of the purified enzyme. The mo- 
lecular weight of the creatinase was esti- 
mated to be 94,000 ± 2000, assuming that 
the partial specific volume is 0.73 (cm 3 /g) 
which was calculated from the amino acid 
composition. 

Determination of the isoelectric point 
by the isoelectric focusing method gave a 
value .of 4.7 ± 0.05 (Fig. 6). ORD parame- 
ters, o 0 and i 0 , of the purified creatinase 
were estimated to be -70 and -98, re- 
spectively, suggesting that the a-helix 
content is less than 20%. The sedimenta- 
tion coefficient, S 20>w , of the enzyme was 
calculated to be 6.3. The sugar content of 
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the enzyme was lower than 0.14% when 
calibrated as glucose. 
The purified enzyme was subjected to 

TABLE n 

Effects of Various Reageots upon Creatinase 

Activity 0 

Chemicals 
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Concentration 



(him) 


DFP 


1 


EDTA 


2 


NBS 


1 


PCMB 


0.5 


HgCU 


1 


2nCl 3 


1 


CuSO< 


1 


CoCl a 


1 


MgS0 4 -7H 2 0 


1 


CaCl 2 


1 


Pb acetate 


1 


FeCl a 


1 



Inhibition 
(%) 



30 
10 
30 
100 
100 
100 
100 
71 
31 
32 
15 
15 




fl The enzyme was incubated with the reagents 
shown above for 30 min at pH 7.2. The remaining 
activities were assayed by the standard method 
after 20-fold dilution with 50 mM phosphate buffer, 
pH8. DFP, diisopropylfluorophosphate; EDTA, eth- 
ylenediaminetetraacetate-2 sodium salt; NBS, N- 
bromosuccinimide. 




Fig. 5. Sedimentation equilibrium of creatinase 
by the meniscus depletion method, The experiment 
was performed at 14,000 rpm with a 12-mm double 
sector cell containing 0.038% protein solution in 50 
mM acetate buffer-0.1 m NaCi, pH 5.8. r, radial 
distance; f % fringe displacement. 



Friction nunbar [ 60 drop 1/ tube) 

Fig. 6. Isoelectric focusing pattern of purified 
creatinaae About 4 mg of the enzyme was applied. 
See the text for the experimental details. 

SDS-polyacrylamide gel electrophoresis 
before and after treatment with 2-mer- 
captoethanol and a value of 47,000 was 
obtained as the molecular weight of the 
enzyme, irrespective of the mercaptoetha- 
nol treatment. Prom the comparison with 
the value (94,000) estimated by ultracen- 
tnfugal method, 4 it is likely that the cre- 
atinase is made up of two subunit mono- 
mers noncovalently associated with each 
other. 

Amino Acid Composition and Titration of 
Sulfhydryl Group 

In Table in, the amino acid composi- 
tion of the creatinase is presented. The 
number of amino acid residues was calcu- 
lated assuming that the molecular weight 
of the monomer is 47,000. The enzyme 
subunit was found to be composed of 385 
residues of amino acids. 

As shown in Table II, the enzyme was 
completely inhibited by incubation with 
0.5 m M PCMB. Titration of the creatinase 
by PCMB following the method of Boyer 
(20) is shown in Fig. 7. Creatinase activ- 
ity was completely lost at the inflection 
point that corresponds to about one 
sulfhydryl group per mole of subunit. 

■• Estimation of molecular weight by the gel fil- 
tration method of Andrews (21) yielded a value of 
about 110,000. 
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Treatment of the enzyme with sodium tet- 
rathionate also resulted in loss of activ- 
ity, and subsequent treatment with a 
twofold molar excess of dithiothreitol 

TABLE III 
Amino Acid Composition of Creatwase 



Found Integral 

13 
11 
24 
45 
14 
11 
51 
16 
27 
37 
2 
30 
12 
29 
28 
18 
12 
J 

a The molecular weight of the subunit was as- 
sumed to be 47,000. 

* Average value of 24-, 48-, and 72-h hydrolysates. 

c Value extrapolated to zero hydrolysis time. 

d From the data of performic acid-oxidized prepa- 
ration. 

e Maximum value was adopted. 
'Spectrophotometrically determined. 




0.05 0.10 0.15 

PCM added ( /noles/reictfon mixture ) 



Fig. 7. Titration of free SH group in creatinase 
with PCMB. The reaction mixtures consisted of 
0.0329 /Lmol of enzyme and varied concentrations of 
PCMB in 3 ml of 10 mM Tris-HCl buffer, pH 7.2. 
After incubation for 30 min at room temperature, 
the increase in absorbance at 250 nm was measured 
against the same concentration of PCMB. 




Concentration of tod turn tetrtthtorute lm) 

Fig. 8. Inactivation and reactivation of creati- 
nase by treatments with sodium tetrathionate and 
with dithiothreitol. The reaction mixtures contained 
60 /ig of enzyme and varied concentrations of sodium 
tetrathionate in 1 ml of 50 mM Tris-HCl buffer, pH 
7.2, and were incubated at room temperature. The 
remaining activities were assayed 30 min after incu- 
bation. The arrow indicates the restoration of the 
enzyme activity by treatment with a twofold molar 
excess of dithiothreitol. Since dithiothreitol was 
found to inhibit the color development by the a- 
naphthol-diacetyl method (1) used for creatinase as- 
say, the activity was determined after removal of 
dithiothreitol by dialysis. 

brought about an almost complete resto- 
ration of the creatinase activity (Fig. 8). 
These results suggest that sulfhydryi 
group plays an important role for the cre- 
atinase action. 

^ The present results lead to the conclu- 
sion that the creatinase from P. putida is 
made up of two subunit monomers which 
have molecular weights of 47,000, and 
that one sulfhydryi group per subunit 
seems to be closely related to the enzyme 
action. 
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Attachment D 



CREATINE AMDINOHYDROLASE 



from Pseudomonas sp. 



Creatine amidinohydrolase (EC 3.5.3. 3)" 



HsNv 

>C— N— CH2COO- 

Creatine 



0 • 

HzN— C-NH2 + H2N — CH2COO- 



Urea 



CH3 

Sarcosine 



a PREPARATION and SPECIFICATION 



Appearance 
Activity 

Contaminant 

Stability 
Stabilizers 

3 PROPERTIES 2 ' 3 ' 

Molecular weight 
Isoelectric point 
Michael is constant 
Structure 
Inhibitors 
Optimum pH 
Optimum temperature 
pH Stability 
Thermal stability 
Effect of various metals 



Whiteambrphous powder, lyophilized 
Grade II 6.0 U/mg-solid or more 

(containing approx. 40% of stabilizers) 
NADH oxidase <, 5.0 x 10" 2 % 
Catalase . < 2.0% 

Stable at -20°C for at least 6 months 
Sucrose, EDTA, 2-mercaptoethanol, dithiothreitol 

approx, 94,000 2 * 

4.70 ± 0.05 7) 

2.9 x 10" 2 M (Creatine) 

2 subunits per mol of enzyme 2 * 

CH a ICOOH, Cu +4 ; Hg ++ , Ag +2) 

7.5 

37°C 

pH7.5-8.0(5°C, 16 hr) 
below 37°C(pH 7.5, 30 min.) 
(Table 1) 



(Fig. 1) 



(Fig. 2) 
' (Fig. 3) 
(Fig. 4) 
(Fig. 5) 



S APPLICATIONS 

The enzyme is useful for enzymatic determination of creatine and creatinine by coupling with sarcosine 
dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical analysis. 4 ] 



(TOYQBQ) TOYOBO CO., LTD. 



Biochemical Operations Department. 

2-8. Dojima Hama 2 -dome. Kita-ku. Osaka. 530 Japan. 
Phone : Osaka 06-348-3786-3789 
Facsimile : 06-348-3322 
International Telex : J 63465 TOYOBO 

EES 



110*CRH 



Concentration in assay mixture 


Phosphate buffer 
Creatine 


50 mM 
90 mM 



C ASSAY 

Principle: 

Creatine + H a 0 cr ^ eamidinoh y drolas9 ^$arcosine + Urea ' 

Urea + 2 (CH 3 ) 3 N<> CHO : H(CH 3 h N-£> ON] a CD + 2H 3 0 

The appearance of yellow dye formed by condensation of urea and p-d i methyl am inobenzal deny de (DAB) /Phriirh 
reaction) is measured at 435nm by spectrophotometry. itnrnch 

Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described below 
Method: 
Reagents 

A. Creatine solution : 0.1 M [1,49g creatine (MerckJ/IOOml of 50 mM phosphate buffer D H7 51 (Preoare 

freshly) ' r ' J 1 H 

B. DAB solution : Dissolve 2.0 g of DAB in 100 ml of dimethylsu If oxide and, to this solution add 1 5 ml of 

cone. HCI solution. 

C. Enzyme diluent : 50 mM phosphate buffer, pH 7,5 

Procedure 

1. Pipette 0.9 ml of the substrate solution (A) into.a test tube and equili- 
brate at 37°C for about 5 minutes. 

2. Add 0.1 ml of the enzyme solution* and mix. 

3. After exactly 10.minutes at 37°C, add 2.0 ml of DAB solution (B) to stop u .« r WC iion. 

4. Incubate at 25°C for 20 minutes. 

5. Measure the optical density at 435 nm against water (OD test). 

At the same time prepare the blank by first mixing the substrate solution with 2.0 ml of DAB solution after 

Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to2.0-3.0U/ml with the same buf- 
ber, immediately before assay. 

Calculation 

Activity can be calculated by using the following formula: 

w^..^ ~ TMrv p * m - ADD (OD test - OD blank) x Vt x df 

0.321 xl.OxtxVs 

« AOD x 9.35 x df 

Weight activity (U/mg) = (U/ml) x 1/C 

Vt : Total volume {3.0 ml) 

Vs : Sample volume (0.1 ml) 

0.321 : Millimolar extinction coefficient of yellow dye (cm 2 /micromole) 

1-0 : Light path length (cm) 

t : Reaction time (10 minutes) 

df : Dilution factor 

C : Enzyme concentration in dissolution (cmg/ml) 

E REFERENCES - 

1) D. Tsuru; Nucleic and Amino Acid$,35,31 (1977). 

2) T. Yoshimoto, I. Oka and D. Tsuru; Arch, Biochem, Biophys., 177, 508 (1976). 

3) T. Yoshimoto, I. Oka and D. Tsuru; J. Biochem., 79, 1381 (1976) 

4) D. Tsuru; Rinsho Kensa,22, 1331 (1978). , 
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Ta oL 8 oi\ Effect of Various Metals fThe enzyme disso| ved in 50mM phosphate buffer, pH 7 5 was incuhatprf 
at 25°C for 30 minutes with various metals (final concn : 0.2 mM)] . • '"cuoated 



Metals 


Residual activity 


Metals 


Residual activity 


None 


100 % 


MgCI* 


80.3 % 


FeS04 


91.2 


NiCIa 


1.3 


HgCli 


0 


C0SO4 


39.9 


ZnAcs 


o.o 


BaCh 


94.7 


CuAc2 


0 . 


PbAca 


■ 83.8 


CaAca 


61.8 


AgNOa - 


0 


MnCIa 


94.7 


CdCIa 


9.2 




.2 4 6 I 10 12 

Period (month) 

Fig. 1. Stability (Powder form) 
[kept under dryness} 




Fig. 2, pH-Activity 
'37T3 t lOmin -reaction In 50mM 
buffer solution: pH 5.8, acetate; . 
p HO. 0-8.0, phosphate; pH8.8- 9.0 , 
carbonate 




30 40 so 
Temperature *0 

Fig. 3. Temperature activity 
pOmin- reaction in SOmMl 
[phosphate buffer, pH7.4 J 
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Fig. 4. pH-Stability 

'5*0 I6hr-treatment with 50 mM 

buffer solution: pH 5.5, 

aostate; pH6.Q-8.0, phosphate: 
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(54) NEW CREATINE AMIDINOHYDROLASE 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain the subject new 
enzyme, comprising a creatine amidinohydrolase capable 
of decomposing creatine into sarcosine and urea in the 
presence of water, available in a large amount in high 
purity according to a genetic engineering technique and 
useful for determination, etc., of creatine and creatinine. 
SOLUTION: This creatine amidinohydrolase has actions 
on creatine in the presence of water and production of 
sarcosine and urea, about 7.0-8.5 optimum pH, is stable 
at about <40° C (by treatment at pH7.5 for 30min) and 
has the pH stability of about 5.0-9.0 (by treatment at 
25° C for 1 6hr), about 46mM value of Km for the 
creatine and a molecular weight of about 50,000 
[measured by a sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE)], 47,146 (a calculated 
value from the amino acid composition) and about 78,000 
(measured by a gel filtration) and further about 4.3 
isoelectric point and is represented by the formula. The 
creatine amidinohydrolase is used for the determination, ; ! p ^ ; ; 
etc., of the creatine and creatinine. The enzyme is obtained by expressing a gene cloned from a 
chromosomal DNA of Arthrobacter sp. TE1826. 
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Claim 1 (page 2, left column, lines 2-15) 

Claim 1. A novel creatine amidinohydrolase having the following 
physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosine 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for' creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4,3 



page 3, left column, lines 2-12 
[0005] 

[means of solving the problem] The present inventors have investigated 
variously in an attempt to solve the above object, and selected 
Arthrobacter sp. TE1826 (FERM P-10637) as a creatine 
amidinohydrolase-producing bacterial strain, and isolated a novel 
creatine amidinohydrolase from said bacterial strain. Additionally, 
the present inventors have isolated a recombinant creatine 
amidinohydrolase expressed from a gene encoding a creatine 
amidinohydorlase by successively separating said gene from chromosomal 
DNA extructed from said bacterial strain. 



page 3, left column, lines 17-30 

[0006] Accordingly, the present invention relates to a novel creatine 
amidinohydrolase having the following physicochemical properties: 
Action: acting on creatine in the presence of water to produce sarcosine 



1 



and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7 . 5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46, mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 



page 5, right column, lines 25-38 

[0030] The creatine amidinohydrolase of the present invention has the 
following physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosine 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7 . 5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 4 6 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 
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0-2 57 89 0 

6 

[0 02 0] C<OJ:9«Cl/r»6*ifc«»«W»6DNA 
■ «WrSJCB. SttKffoT. 

ffl#£fcrt*St4Cc<fc«MT5t4*5-C£S„ Sfc£!gj#.£ 

ff * i/ < us©* * u** YBntcf^mnvsm 
[002 1] ^^*-ALrtt. rgammfavsm 

;UB4t,T$^3ftfc&©#Sjat,Tl,>5„ 77-j/i|, 
Ttt. xj/x V fcT • a »J- (Escherichia co 

11) &TMm9L®tTZm$lCK. Lanbda-qUO . La* 
da-qtu ft£W&MX$*>. £tc7?X* F4t/ct*. 
m«x^*yt7 • ay- (Escherichia col 1) 

SJt^Ktt; pBR322. pUC19 > 
pBluescript , pLED-Ml (Journal of Fermentati 
on and Bioenzineerinq, Vol.76, 26S-269 (1993))% 4* 

^>7 5i?yt no?- m&*w*wv$,mamD 
n a ©WKKftffl o temmmmx nm lx « vz-mx- 

k«b t fc»^ t m-tommmmzm t > 

lr». {S^fJDNA»rW-i^^*-DNA»T>ti4ifS^3 
tfft^rffitt. fi*D©DNAy^—fef*fflt>S^-c*n 

»f>i-©»«*4ai©7-- y > ^©fji. jgiy&D N A y 
<* 0 SS^® D N A Wt i < * ^ - D N A 
KfJi-4©ttiM.'<i'ar-*fftM"*. !£S«Qc6, Ti- 
ll > iii«ffilWc*A l r^ftrt© d n a y ^ 

[002 2] ^SSt^i CT«. fflHWCff -*«36 

t©r*n«^< . — «WKttx^* y 1 7 • 3 y-w3 
no, xj/x y t7 • 3 «;-o6oo» x*^x y t7 • 3 y 
-HBioi , xi/x y 1 7 • 3 y -3mo9 4*4fflt>5 c 

[0023] ^iSffi%{cMjfei?.^i7 *-£&A-rS;fr 
£4t/C«. «*tf1iSR*»*Jx»/xi;tr- 3iJ- 
©lS^{c tt. * ;b-> A^atc J:S3>ef->h -biirffi 
^xu^f-n)i<u-->a > ftft i'*5ffll^ c 6 

[0024] c<o&5&Lxnht\ittnmimx&z> 

±SS4«5^©S ^ * -©&A©Wj&{C-X>T 

©S!f?tt. BWirSDNAtfiBM"*^^*-©**! 
5Httv-*-id7U75 : ->7Sy^t KD5— tfffifx^r 



Mi*. 

[0 0 2 5 ] ±§2©:fratC«k J-lfc2P7?>7 5 
i>yfc HO 5— tf«&P©fcag2ytltt-tMx>a (scie 
nee, Vol.214, 1205-1210 (19&0) K.&3&$tltc*J7 ! * 

C©J:5K:Lr-KjgiR3*ifci'U7*>7 3i>,>b F 

f^>PCRtC«fc»)4'U7*>75y>'b Fa9— tfjt 
DNAfcliiKU ttO'^HKJt&lft&d 

[ o o 2 6 ] mm^biwemitov'&kim 
*i«<fc<. am. £<©ig£ttifc<#g§r?*T5*i. in 

U7*>7 5S^b FB7~tf££gf -SffiHrjeLS^ 
KL,f#5#, x*>* fc7 3'J -©«#. b< it 

2 o ~4 2 -cBBtc* s. mmmamic^ x&*p 

<fc<. 3*1X6^4 83NS|gT*&. igtflpHttlgflS 

9. oss-cas. 

CO 0 2 7) U7*>7 3 i^b 

jiiS. Jt*WMKc * U7*>7 3 SVbFP 

9 *»8t L/cf^KfiJfflS n 
&. ^U7?>7$^>'b FP5~ tftfffiftFtyeffftf 



(5) 10-257890 
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1£S'J48Stot/T*U79 : ->7 3y-'b ££dJ& 

[0 02 8] C©J:Sfct/C»6tlfc*|,7*>73!> 
'bFn5~tf£****. tUBKBEilfl. HM t 

HK5S®7>*-'5A % ffiKtFy9A&£©J&ft#i 

id 7-bh>tt«KJ:4»JWi3iaK{cj:ijaaR«L«) 
-tost £*(£,* *, 

ffiS¥3ftfc5'U7*>7Si>>'b Fa 7 

[0029] -tz7 y t*? 47* (Sephadex)&-25 

<7t*-?5/7 tUtf-ir) DE 

AE"fe7TO-^CL-6B (7t^7V7 'Wtff-47) ( 
20 ti>?;HJ7Tn-^a6-B (7r;t7^7 aW*^ 



30 



40 



[0 0 3 0] *f8R(D9\*T*^T$VS\i Fa5~ 

f#B :*®??&TK47ur^>(c^L-r. •tf;l/3j/> 

SSSg:^4 0-C 
SSpH : i(^7. 0~8. 5 

: **J4 0 'C«T ( p H 7 . 5:3 Oftftim.) 
pH^f4:$!j5. 0~9. 0 (2 5*C, 1 S^fflte 

£7l/7*>{C*f?£Kmti§[ : «?J4 6mM 
^l:fi5 0, 000 (SDS-PAGE) 
4 7. 146 (7 3>BtlBjS*>5fl»fctm{t) 

$>j7 8, ooo (yjvasia) 



[0 03 1 ] #&W©*U7*>7Syvb FP7- ff 
i&£ai5C?n-r o *^©47U7^>7 5 i?y t 

Pn9-«®7s^BIBn&&ftre««^a - F^^ 

• (Rseudomonas putida) ifiM&T&{7\s7?-> 

73i?>'fcF05— tf075>'IBB»«i©«Htttt, 6 
3.4%-C*0. n*®Jttt%H 1 (C^T. *»BOi»U 
7*>7 aSVbFo^-tftt. ISI-S^^Jg-Ti^ 

[0032] 

[an 



(6) 



0-257890 

10 



m 


Arthrobactcr sp. 
TE1826 


Pseuddionas put i da 
var.oaraensis C-83 


foL>ll(US 5(lt D vUlo 




4 CC 




4 0"C 








■ ■ v Q . *J 


ft A 

o. 0 


7, 5 — 9. 0 




4 OTCJSTF 
(P117.5, 30#R3) 


4 SV&Cf 
(pH7.4. 30£fi|)> 


4 OTC^T 
(PH7.5, 10^H) 




5. 0~9. 0 


6. 0 — 8. 0 


6. 0 — 9. 0 




4 6 








50,000 
(SDS-PAGB) 
2 


47.000 
(SDS-PACE) 
2 






4. 3 


4. 7 


4. 9 



[003 3] 

<§*ii> 

0. 3M HEPES pH7. 6 

1. 8% t>^T^ 

o. 0 15% 7x>--a 

0. 00 5% 4-7 5/ 7>?-fi;> 
6U/m 1 1f;l/3i/>^-^>^-H2 
6U/ml ^Jl/**^—*? 
[0034] <a«!££#>±fai*3M3 m 1 * 3 7 *C 

rft3^i®flns^ o. i m i ®mm%m*miL> 3 

7-C-CSl5=&^teU» ^ROSfSS-eft:®. 5 0 0nm 

what, jar. Hafcttftaxfi&ffle-*-*. jjer 

[0 03 5]gffigy_ &feftDNA©#8S 



y-XB/<*jr- • ixb-TE 1 8 2 6 (FERM 

P - 1 0 6 3 7) ©»&&DNA*;KffljErttT*Htt, 
fc. Efi§ft£l 0 0ml<D2XYT^it (i.eetf V*.? 
h>. lag?®***. 0.558effc^H;'5A(pH7.2))r3 
7'Ct\ -NSBgftl/fcfft. 3tob»m (s.OOOrpm. 10 
atffl) tCkVm&btc. 1 5mM9x-sWli- 
0. 15 h >; ^ASr^/£^TM^?5fe^b 

tcm. 2 0%*s*-9n-^ 5 OmMh (p 
H7. 6). ImM EDTA£^A,tf?g$5m HC!fii 
St, 1 m 1 ©V y?— Agjj£ (lQ0mq/h)D ^MAT. 
3 7"C, 3 OftPOfiiSU ^>T1 lml4>lX39a 
-f;HM»=ii/>R. 0. 1MEDTA ( P H9. 6) £ 

0. 5%i£Litel"5At:mi 0 0%Jn^.. 



55,000rpni . 2 Ol^gKDfiS^lSlfDN A£#flXL 
fc. flKUfcDNAfctlmM EDTA«:^fc-10m 
MM^M pH8. Ojgffi(«T. TE£«SfB)T 
j§#rU ffif$?DNA^ n n n £l,fc. Cft*^S©*ap# 
20 )i A - 7 x y - ;t>@&rteS&&kfr8tK: <fe •) 

SDNA£#8iU 2mlCDTEt«)Blfc. 
[0 0 3 6] mtmZ trVT^TZisSMVGv 

— fe'^n- F-rsae^swrsDNAKJts^D 

N ABrit^W-r Sffllfe^^^ -©Mi? 

^JSW 1 Tfffc DNA5jig fclffllBISK Sau3AI (jRft 

^) TSB^^L, 2 k b p «±<DttWi{c#ft?t,fc 

tQB&$ BairHI (mmm T4?J»rl,fc pBluescri 
ptKS(+) \ us ££T4 - DN A 'J fe* ( JfcftifcSSg) 
30 l^ffiT> 16'C. 12B$IBra£3-fc>\ DNA4ii*SU 
fc„ 3BfeUfcDNA«ii'j: U tr • 3';-3Ml09 ©3 

r*>7*S^t FP^-tfffiftfcffiflpg^gifll [1.0% 

sP'J^|->, 0.55$?$***, 0.5SNaCI , lXi'UT 

iou/raHf;uni/>*+^y— (jRftMg) . su 

/m\'<Mr>*i'#-i£ mmnm . o.mx o-i?7- 

40 (Ctf-aTt. 

[0 03 7] ffifflOfcDNAl Aiff^fctJ^lDO.OOoM 
©^Se^ft©nn^-*Jf#6h, ±fBJ^i";-^>^ 
©MS. ^feCc^Sft-Sna^-fci^ji^t, 
fc„ c©«=&LB?K#^tti (l^y^^h^. o.5*g?& 

O.SKNaG , 50/ig/mlT>f^';>) Tigg 

L> * U7?>7syyt Fn^-Hzritt^sij^ofci 

F(C{J#5j6. 6kbp©#ADNA»fK-*S|?ftUT*J 
*), CC^S K?rpCNAB libit. 
50 [0 03 8] »i?pCNAB 1 ©WAD N A^$fJKS 



11 

m Apai (m#$ss) KT^omu mmmmmv^ 

L/c pBluescriptKS(+) CCililgLr. pCNHAA-1 
%m£Lfc. COpCNHAA- 1 ©$M39S@£H 

[0039] HiSgy3 £S12?lJ©&5£ 
pCNHAA- 1©&4. 6 k b p ©JfAD NABfrJttt 
•o^rS^©$IJBgS^K:-C-tf^5't3->*ilii|Lfc„ S 



tKD-f^fU-yifg&fcft^ RadioactiveSequencin 
q Kit (Mmm) ftffllvt. &W6S9l\ZVkfebtc. 91 

<immm> 

Pfu DNA h^^i^->$?) 
io(giiapfu Dwa, sfi y jt^—Mm* 57r- 
PCNHAA-1 (HMdna) 
dATP.dTTP.dCrP.dCTP 

[0 04 1 ] <«HKff> 



O BPHU 0-2 57 89 0 

12 

*0. 7-*n;<**--i*b-TEl 8 26©*u 
7* >7 S tFB 5-*«MWF*4KH-at,fc. 
[0040]gteM£ fflfe^^-pCRHAR- 

p C NH A A- 1 ©#AD N AKtfJ: »> * U7* >7 5 
y y b F o 9--tf»£iF«fl©a&&*R< fc^ pgr 
fcJ:S*ADNAKtf©^t«a6Lfc. PCRiitt 



5U/1D0 Ml 
10m 1/100 At! 
0.1 Mq/100 //l 
■&0.2raM 
& 1 MM 



*tt 9 5"C, 3 0#H 

1^30W 20 

4 5 -a 10m 
iimb 

7 5'C, 2#3 0#H 

(±t2-tf- >f *;l>££if 3 0 )imW) 
[0 04 2UMBDNAKttftl. 2 k h p ft. MS* 
^ EcaRTCflJBlrt/ft: pBluescript SK(-)&CjIigt,T p C 
RHAR- lftmSUfc. pCRHAR - 1 ©flJHilSfg 
ttH£H3(C>jVf. pCRHARA- l©»ADNA»f 

[0 04 3] jftBHS JHflafefteHftiS 

y b r • 3 »; - JM109 ©3 >b*7 1 > h -fe;u 
tSH) *p crhar- 1 rjwiaiiu mmrnftx- 

[0 044 ] jysgj6. iwj tr • ny-jMio9(pc 

RHAR-l) *>6©£U7?>7SS'.''fc K O -7 — If ©|gjg 
LB^fl&500ml*2L77^nK:^aL. 12 1 

ffi-5jiL?c5 0mff/ml r>t^y> (1~*3vj?-Z 40 
*«) 0. 5mlft^ntfc„ CGgttlcLB&Jt-cft 
3 0'C. 7WBBBH»l/fcij/x!lt7- 
3 'J -JMl09(pCRTOR-i) ©ig#i£5 m l &£SU 3 7 
•Cri8l^fflii^a#SgL/c„ g§|&7l$©2U7* 

[0045] JJ3B#*a*»0WcriSifU 2 0 mM 
V^mtffim. pH7. BCCSflLA:. ilHMft&SiS 



(Sephadex) C-2S (77^7 'W*?-*) {C<fc£ 
^%j|KJ:Dftttb, DEAE-fe7 T P-XCL-6B (7 7 

7S^tF07-b'^aB, «tmSfcS&(SD5-PAGE)KKC 

saf-ft/f^Fi/Tl, e®3®ltj£ttati2 1 u/ 

[0 04 6]J«T&c. iiiB^tc ZimhttftZ^T* 
>7 3 b F n 5— tf©f4S?£jjtr. 

SffiB&:£j4 0"C 

StpH : &7. 0-8. 5 

$Sc£tt:&4 0-C«T ( P H7. 5:30#IBfcig) 

pH£St£:#j5. 0-9. 0 (2 5'C, 1 6^IWfi 

a> 

9 U7^>K^-TSKmfil : Sfo4 6mM 

ifo5 0. 000 (SDS-PAGE) 

47. 146(75 smmtp e>#ibttztnm) 

»7 8, 000 (y;l/jSjl) 
9K&:£4. 3 

[0047] aatm 



7-ZU'*?Z- • XXb--(Arthrobacter sp.)TE 1 
826 (FERM P - 1 0 6 3 7 ) 42 X YTigttl 

(l.extf'j^zn-is, lan&x**, o.5^b^Fy-i7 

A. pH7.2)(Cr. 37'C. ifo 1-3 JgftU Jg#& 

«fcoT. ^P7? : >7$^>'b KO^-Hzft&SSii, 

l/7?>75^yb K07-*'€:SKUfc. 
[0 048] 



(8) »H¥1 0-257 89 0 

13 14 

*6*r«tti>U7*>7 5 t^fc F P 5 *fi2?>J#^: 1 

KSft, if{^X^W^^J:Si^^(DMj&i£^?ii^ ERlOfiS : 4ii 

citccto, afb^(fiw©^s*ifcjf«ft*u7^ 62?>jcd«s : ga» 
>7 5 ^ t f if tua-r **js*»*Hi-r c t $m 

: 7-*U/<**- - XX t-CArthrabacter s 

[0049] p.) 

* ffcg : JE1826 ( FERM P-10637) 

Met Gin Lys He Thr Asp Leu Clu Arq Thr Lys Val Leu His Asn Cly 

15 10 15 

Clu Lys Phe Lys Cly Thr Phe Ser Lys Ala Clu Met Asp Arq Arq Asn 

20 25 30 

Thr Asn Leu Arq Asn Tyr Met Ala Clu Lys Asp He Asp Ala Val Leu 

35 40 45 

Fhe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 

Ser Phe Asn Arq Asn Tyr Cly Leu Val Val Thr Cln Asn Lys His Val 
65 70 75 80 

Thr Val Ser Ala Asn He Asp Cly Cly Met Pro Trp Arq Arq Ser Tyr 

85 90 95 

Asp Clu Asn He Val Tyr Thr Asp Trp Arq Arq Asp Asn Tyr Phe Tyr 

100 105 110 

Ala He Gin Lys Val Leu Clu Clu Ala Gly Val Lys Lys Ala Arq Leu 

115 120 125 

Cly He Clu Glu Asp His Val Ser He Asp Leu Leu Arq Lys Phe Ser 

130 135 140 

Asp Thr Phe Pro Asn Phe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

Lys Cln Arq Met He Lys Ser Ala Clu Glu He Arq His He Lys Asn 

165 170 175 

ay Ala Arq He Ala Asp He Cly Cly Tyr Ala Val Val Clu Ala He 

180 185 ISO 

Cln Glu Gly Val Pro Clu Tyr Clu Val Ala Leu Ala Cly Ser Lys Ala 

135 200 205 

Met Thr Arq Clu He Ala Lys Leu Tyr Pro Cln Ser Clu Leu Arq Asp 

210 215 220 

Thr Trp Val Trp Phe Cln Ala Gly He Asn Thr Asp Cly Ala His Ser 
225 230 235 240 

Trp Ala Thr Ser Lys Lys Val an Lys Cly au He Leu Ser Leu Asn 

245 250 255 

Thr Phe Pro Met He Ala CTy Tyr Tyr Thr Ala Leu au Arq Thr Leu 

260 265 270 

Fhe Leu Clu au Val Ser Asp Ala His Leu Lys Tyr Trp au He Asn 

275 280 285 

Val Clu Val His Lys Arq ay Leu Clu Leu He Lys Pro ay Ala Val 

290 295 300 

Cys Lys Asp He Cys Ala au Leu Asn Clu Met Phe Arq Glu His Asp 
305 310 315 320 



(9) ®m¥ 10-257890 

15 16 
Leu Val Lys Asn Arg Thr Phe Cly Tyr Gly His Ser Phe Gly Val Leu 

325 330 335 

Ser His Tyr Tyr Gly Arg Glu Ala Gly Leu Glu Leu Arg Glu Asp lie 

340 345 350 

Asp Thr lie Leu Glu Pro Gly Met Val lie Ser Met Glu Pro Met He 

355 360 365 

Leu He Pro Glu Gly Gin Pro Gly Ala Gly Gly Tyr Arg Glu His Asp 

370 375 380 

He Leu Val He Gin Glu Asn Gly Val Val Glu Asp He Thr Gly Phe 
385 390 395 400 

Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 
405 410 

[0 05 0]ffi?iJ§#: 2 *£a$t 

8S?>J<Dgi* : 1236 : 7-*D^£- • XX fc-(Arthrobacter s 

bwdh : mk P o 

r #UV>- : mm tfcS : TE1826 ( FERM P-10637 ) 

ATG CAA AAA ATC ACT GAT CTT GAA AGA AGA AAA GTT CFG CAC AAT GGC 48 
Met Gin Lys He Thr Asp Leu Glu Arq Thr Lys Val Leu His Asn Gly 

15 10 15 

GAA AAA TTT AAA GGT ACT TTC TCA AAA GCG G^A ATC GAC CGC AGG AAT 96 
Glu Lys Phe Lys Gly Thr Phe Ser Lys Ala Glu Met Asp Arq Arg Asn 

20 25 30 

ACG AAC CTG CGT AAT TAG ATC GCT GAA AAA GAT ATT GAC GCT GTC CTA 144 
Thr Asn Leu Arg Asn Tyr Met Ala Glu Lys Asp He Asp Ala Val Leu 

35 40 45 

TTT ACT TCT TAC CAC AAT ATT AAC TAT TAC ACC GAT TTC TTA TAT ACA 192 
Phe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 

TXT TTT AAC AGG AAT TAT (XA TTG GTT GTT ACC CAG AAC AAA CAC GTA 240 
Ser Phe Asn Arg Asn Tyr Gly Leu Val Val Thr Gin Asn Lys His Val 
65 70 75 80 

ACA GTT ACT GCA AAC ATA GAT GGC GGG ATG OCT TGG ACA AGA AGC TAC 288 
Thr Val Ser Ala Asn He Asp Gly Gly Met Pro Trp Arg Arq Ser Tyr 

85 90 95 

GAT GAA AAT ATT GTA TAC AGC GAC TGG AGA AGA GAC AAC TAT TTC TAT 336 
Asp Glu Asn He Val Tyr Thr Asp Trp Arg Arg Asp Asn Tyr Phe Tyr 

100 105 no 

OCA ATT CAA AAA GTA CTA GAA GAA GCA GGA GTT AAC AAA GCC CGC TTA 384 
Ala lie Gin Lys Val Leu Glu Glu Ala Gly Val Lys Lys Ala Arg Leu 

115 120 125 

GGC ATT GAA GAG GAC CAT GTC TCC ATC GAT CTT CTG AGA AAA TTC TCA 432 
Gly He Glu Glu Asp His Val Ser He Asp Leu Leu Arq Lys Phe Ser 

130 135 140 

CAC ACA TTT CCT AAC TTT GAA TTG GTT CAT GTT TCT CAA GAT GTT ATG 480 
Asp Thr Phe Pro Asn Phe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

AAA CAG CGG ATG ATC AAA TCT GCT GAC GAA ATT AGG CAT ATA AAA AAT 528 
Lys an Arq Met He Lys Ser Ala Glu Glu He Arg His He Lys Asn 



< 10 > ftWIPl 0-257890 

17 is 

165 170 175 

GGG CCA AGO ATT GCT GAC ATT GGC GGC TAC GOV C7TT CTT GAA CG" ATT 576 

Cly Ala Arg lie Ala Asp He Cly Gly Tyr Ala Val Val Clu Ala He 

180 185 igo 

CAA GAA OCT CTT CCC GAA TAT GAA CTA CCA GCT GGC GGC TCC AAC GCA 624 

Gin Glu Gly Val Pro Glu Tyr Glu Val Ala Leu Ala Cly Ser Lys Ala 

155 200 205 

ATC ACT CCT GAG ATT GCC AAC CTA TAT CCC CAA TCA GAG TTA AGA (AC 672 

Met Thr Arq Glu lie Ala Lys Leu Tyr Pro Gin Ser Glu Leu Arq Asp 

210 215 220 

ACT TGG GTC TGG TTC CAG GCT GCT ATT AAT ACT GAT GGA CCT CAC AGC 720 

Thr Trp Val Trp Phe Gin Ala Gly He Asn Thr Asp Gly Ala His Ser 

225 230 235 240 

TGG GCA ACC TOC AAA AAA CTA CAA AAA GCT G^A ATT CTA AGC CTC AAC 768 

Trp Ala Thr Ser Lys Lys Val an Lys Gly Glu He Leu Ser Leu Asn 

245 250 255 

ACA TTC CCG ATG ATT GCC GGT TAC TAC ACA GCG CTC GAA CGA ACT TTC 816 



Thr Phe Pro Met lie Ala Gly Tyr Tyr Thr Ala Leu Glu Arq Thr Leu 

260 265 270 

TTC TTA GAA GAA CTT TUT GAT GCC CAT CTA AAA TAT TGG GAA ATA AAC 864 
Phe Leu Glu Glu Val Ser Asp Ala His Leu Lys Tyr Trp Glu He Asn 

275 280 285 

CTG GAA GTT CAC AAA CCC CCT CTT CAA TTA ATT AAG CCC CCT CCA CTA 912 
Val Glu Val His Lys Arq Gly Leu Clu Leu He Lys Pro Gly Ala Val 

290 295 300 

7CT AAG GAT ATC TCT OCT GAG TTA AAT GAA ATG TTC CCT GAG CAT Q\C 960 
Cys Lys Asp He Cys Ala Glu Leu Asn Glu Mat Phe Arq Glu His Asp 
305 310 315 320 

CTG CTT AAA AAC CCG ACG TTT GGT TAT GGC CAT TCA TTC GGA CTT CTT 1008 
OOu Val Lys Asn Arq Thr Phe Cly Tyr Gly His Ser Phe Gly Val Leu 

325 330 335 

TCC CAC TAC TAT GGC GGT GAA GCC GGG CTT GAG CTT CCT GAA GAT ATC 1056 
Ser His Tyr Tyr Gly Arq Glu Ala Gly Leu Glu Leu Arq Glu Asp He 

340 345 350 

GAC ACC ATT CTC GAG OCA GGT ATG CTC ATT TCA ATG GAA CCC ATC ATC 1104 
Asp Thr He Leu Glu Pro Gly Met Val lie Ser Met Glu Pro Met He 

355 360 365 

TTG ATT CCT GAA GGA CAA CCG GGA GCC GGC GGA TAC CGC GAG CAT GAT 1152 
Leu He Pro Glu Gly Gin Pro Gly Ala Gly ay Tyr Arq Glu His Asp 

370 375 380 

ATC TTA CTG ATA CAA GAA AAT GCT CTA CTT GAA GAT ATT ACT GCC TTC 1200 
He Leu Val He an C\u Asn ay Val Val C\u Asp He Thr Gly Phe 
385 390 395 400 

OCA TTT GGC CCT CAA TAT AAT ATT ATC AAA AAG TAA 1236 
Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 
405 410 
[0 05 1 ] EK»9 : 3 : 
E?U©SS : 49 r #P5>- : BttR 

BW®S:«K 50 tiZPKDmm : £$dna 



W ^¥1 0-2 5 7 89 0 

13 20 

AGGAA GGCAG CACAT TAflCC ATCCA AAAAA TCACT GATC 49 
[0 05 2] E?iJ#*t: 4 * : 

155>J©SS:39 h^n^-:iS|^ 
IB5IJ<DS : m. * fiffiajoas : £J*DNA 

AATCC TGAAT TACTT TTTCA TAATA TTATA TTCAC GGCC 39 

[mrnvrnmrnm * CH2i pcnaa-h 

5^KiE3nji*/^-K^^ • 7"^^ (pseudomonas pu 10 [03] P CRHR A- 1 ©$H|igS^ifig<&^t" 0t?i> 
tida) AJffii-r^^UT^^Sy^t FB7- tf©7 5, 




(12) 
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mi) 




* * 

H * 

H * 

» * 

W * 

g * 

fa * 



H 
H 

W 

fa 



o 
o 

tt 

sr 



r4 



03) 



*HH*1 0-2 57890 



(51)Int.Cl. 6 
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1:06) 


(C 1 2N 


1/21 


C 1 2R 


1:19) 


(C 1 2N 


9/80 


C 1 2R 


1:06) 


(C 1 2N 


9/80 


C 1 2R 


1:19) 



mmn f i 
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(54) PRODUCTION OF CREATINE AMIDINOHYDROLASE 

(57)Abstract 

PURPOSE: To provide a creatine amidlnohydrolase useful as a clinical examination agent for the 
determination of creatinine and creatine by culturing a creatine amidinohydrolase-producing 
microorganism belonging to the genus Paracoccus or Sphingobacterium. 
CONSTITUTION: This creatine amidlnohydrolase is produced by culturing a creatine 
amidinohydrolase-producing microorganism belonging to the genus Paracoccus or 
Sphingobacterium, preferably Paracoccus denhrificans UNGS AND vamabushfiingsParacoccus 
alkalophilus JCM7364, Sphingobacterium multivorum TE3580, etc., in a nutrient medium and 
separating the produced enzyme from the cultured product 
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The obtained creatine amidinohydrolase showed the following properties. 

1. Following reactions were catalyzed. 

[0020] 

[chemical 1] 

creatine + H 2 0 — ► sarcosine + urea 
[0021] 2. Km value: The Km value for creatine was about 22.8 mM. 

3. Optimal pH: The enzymatic activity in 50 mM K-phosphate buffer (pH 
6.0-8.0) , 50 mM Tris-HCl buffer (pH 8.0-9.0) , and glycine-NaOH buffer 
(pH 9.0-10.5) was measured. The results are as shown in Fig. 1. The 
optimal pH was about 8.0-9.5. 

4. pH stability: The residual activity was measured after storage in 
glycine-HCl buffer (pH 2-3) , acetate buffer (pH 3-6) , K-phosphate buffer 
(pH 6-8) , Tris-HCl buffer (pH 8-9) , or glycine-NaOH buffer (pH 9-10) 
at 25°C for about 18 hr. 

5. Optimal temperature: The enzymatic activity was measured at each 
temperature. The results are as shown in Fig. 3. The optimal 
temperature was about 35-40 °C. 

6. Heat stability: The enzyme of the present invention was warmed in 
50 mM K-phosphate buffer (pH 7.5) for 30 min and the residual enzymatic 
activity was measured. The results are as shown in Fig. 4. The enzyme 
was stable up to about 40°C. 

7. Molecular weight: about 68,000 (gel filtration method) 

about 50,000 (SDS-PAGE) 

8. Isoelectric point: about 4.1 (isoelectric focusing) 
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(54) BMfI©£»] iri/79 1 >7SJ'/A'f fefofflj&j* 



(57) [gift] 

CflJfiS] r (para 

coccus denltrificans), /<73?W • 7Wn7^ 
5* (Paracoccus alkalophilus) ttcit^V a 
t>5~W&> • "?)\>?7j(7& (Sphinqobacteriuii multivo 
mra)K)SrS©^*^fSL.'C > * U7*>7 5 
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[19**11] '^XyXXmStcitZ? 4^rl>\>>T- 

Lit). &£#&*>6&B$£f3®T3 S 

^3'^ 'fNHI?^ (Paracoccus den 10 

itrificans) Jfcli/^a vtlX • 7^*07 y 5*(F 
aracoccus alkalophilus) r*-5Ci*^StirSil* 
JHiB$S©d'U7?>7Sy>'^-f Kb,-. fe'oigi 
& 

[IS*JI3] ^-7=i9*^SCcaiU. ^U7f>7S 

'<73 9 • 7*7^ F 'J 7 4 (Paracoccus den 

itrificans) I FO 1 4 9 0 7 ifctt^a,*^ • 7 
;l/*n7 4 (Paracoccus alkalophilus) J CM7 3 
6 4 -C* S C i fcftgt 4? S9I*J1 1 1248© * ur* > 

[It*a4] ^7^>=r^j»y y^AjSKjit,. *u 

(Sphinqobacterium nnjltivorunO"C&.5C 4£!|$8fc4■^" 
SIt*5 1 IBIS©* U7*>75 K07- tf© 

(Sphinqobacterium multivorum)T E3580 (FER 

m p- 1 42 09) -ca-scifcissti-rsfiNeii 

[000 1] 

[jg^b©;fllfl97>»] #&93«?U75 : >7 3y>'/W 
[ 0 0 0 2 ] 2 U7*->*j<fctf* P7*>ttlfili£S fc 

tsciam ww, want. 

r**. C©«fc^&^»r4tf^fc»«:. jIUKSfcKfllifi 
<0{7 U7?->fc«tO^ U77 t >43£Sr S C tifi-fSL 

[0003] 

[fi£*©8ffli] ^^6^U7?>©5eaffiiO , rW, 
5^*©£U7*>{C*U7^>7$i^W 

<tfc$& M®< fcftKttff&gtcc «fc 0 jgiJS L T . US W© 
*U7*>££&TS£ffi#2>f). g/c*U7*->© 



#P§^7-2 74 9 6 1 

2 

SSa-bLTtt, ^ttJ©^U7^->K^U7^r.> 
72 F'W B*flR«3*. £j&T Si>U7*> 

fc*ur*>T5J>yw Fn?~tf, If ;P 3 

vzmzv-c. s**w©*u7*^>*sgs-r 

[0 004]-£. Cft6©5tSa;K:£jrfS*U7* 
->7 5 F'W Fn^—tz, *U7*>7sy>vW F 
05— if. tf;U3'»*+i/^— JfiiSffitnsi{cn;<s 

Wc3*VCfc»). Wc*UT»T4SV/WFn9- 

•fefli. i/a-Ftt^E 7-xcm££-)I. 
IS, -i-^y^AJi, 7i/*F;<**-jg. 3i;*,<£7 
sense i*j$R^3nr*jo. •5-©*©^o*.(jgt(c 

[0 005] 

©ffi©ffitt*>6. HfL< 5'U7?>7Si>>'^-f Fo-5 
20 [0 00 6] 

fete*. ff/c{C^"73 vtlXmttdtZZ-? 4 >zl/-<i>7- 

v•?A)S(c/||■rs®^*ii'^77 ^ •>7s^>y^^Y fb 7 

[0 007] ?t£t>*,*&mtr<7* vijxm&tcit* 
30 4*^4TS*U7*>7 5S^W Fn5--fef©S{ 

[0008] *mttc8m?zmmtbri^ A 7 a 

7?>7 5i?y;W FO-5" <f5rMS-rSfil^*W-T5 
«>©fftti{f. t>-fft©ffif*=&J8l,»Tfc,6l>. 
fl^JIttJS-fSffifti LT«. Jfil<B;<73^^ 

• T 1 ^*^ F 'J? (Paracoccus denitriflcan 
s) , a 7 3,*^ . 7jl/*B7 .,5* (paracoccus al 
kalophi1us)!5:i**if;{f6>tiS. ^7 a ^/^fy-J 

• v^jK-JA (Sphinqobacterium mu1tivoruro)tC<ir*l 

[0 0 09] HfCj;D»*L/< 1^737*^ • t=^Y 
F V 7 (Paracoccus denitrificans) I F 0 1 

4907. A73 7 ^.7^a7oX (Paracocc 
us alkalophilus) J CM7 3 6 4. ^7^>a"/^f ij 
0-L • (Sphinqobacterium multivoriini)T 

E3 5 8 0fc<h-*W6ft5. X-J 4^di^^^ 

W-L • 7Jbf^ 7 A (Sphinqobacterium multivorau 
50 m) T E 3 5 8 0 «. 3Rli5m^lEg!i^rt6©±J|5^67> 
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C00 10] (a) fsm 

( i ) m : 

(2) Ma<E>:*£3 : 0. 5X1. 5-2. 5am 

(3) MlttoMEtt: feb 

(4) &Iijt4:fcb 

(5) IS^OWftt: Jib 

(b) &£ift{C:fetfS<feWtt9S 

( i ) ftH-^wiga! : 3 o *c, 4 8 mm^mva v w 

fe©3Pi-4)B)STS. 3n~-<D%mt£m (Entl 
re) ^p^3>^ (Pulvinate) V&Z. Hffi 

imm (smooth) T36iR£WU ^SfPJr&S,, 
( 2 ) mft®#t*% : £W«#ffl-C-8l«:tggr 5. 

( 3 ) mnvv+ymmm £.msmm-v±&m&& 

W (Filiform) tf5 9=->ttMtLft(,\, 

(4) >Jh7?I5;^:|iK^fciJai,). 5>l>*tt@tt 

(5) vsn^^-^^tSr^WLa^. 

( 6 ) y x-;I/X^;i/r^a-Jl/^^ffl : 20 

[ooii] (o ssa&mx 

(Difvmm.: - (KMt) 

( 2 ) fej&<D£jfc : lf±eofe3R%^ET5. 
(3) raffifcOjlTc: 

(5) MR?*h: 

(6) VPf-^h: 

(7) -f>K-;KD£jj)c: 

(8) !&{bjc5?!©£»£: - 3 0 

(9) f'^'sQlBMM: 



(1 0) Tween8 0W: 

(11) 9*ym<Dmm : Koser ©igifi christen 
sen ©JgtS - 

(12) mtm$w<Dm: 
wstt b y + 

?)\s*il>Wl+b')VA + 

<13>*U7-*: + 

(14) *+J/y-*: + 

(15) *jr9~tf: + 

(16) j3-/f9# hs^jr — M ; + 
(1 7) 7)\>*f-WJt tf : 

(18) 'J fe* : 

(19) ^;U-5=->*;I/7jf+^^— fef : 

(2 0) h •JP'r^T^TS^—tf : + 
(2 1) (S-iOUaj/jf— fef: + 

(2 2) ^afT-lf: 

(2 3) DNa s e : + 
(2 4) ±W©«H: 

**fiS 2 on + 
3 Ot: + 

3 7"C 

4 Ot: 

5 or 

£*PH pH4 

pH7 + 
PH9 + 

(25) mucmzm •. turn. 

(2 6) O-Ff-^h (Hugh Leifsonffi) : O (&ft) 
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(2 7) m*e>M&&rf%X<D&&, 

K 

d-v>/-x + 

I — X + 

79 h-X + 
M/AD-X + 

D-y/nf h— ;v 
d-v>-| — ;v 

5A/-X 



#X 



(2 8) #Wte«KE>*01 

D-iOUa-x + 

L-Trtry-X + 

D-v>y-x + 

D--7>ih-;U + 
N - T-fe ^JU- D - iOlo * > + 

v;t/r-x + 
i^:a>K#y£A 
n 

Ti?e>® - 30 
d l -y>=rgg 

[0012] ±m¥tnmim%.<Dtc.to<Dmffi : K> s 

3*£ttilig-t?>*- (1 9 8 5^) lC£iX'ftr>tc. £fc 

*y-^f7f?j-;^fij^ny-j (19 8 

Zf-^?yi> - Jit>f-<J*UV>-V 0 I . 33. 580 40 
(1 9 8 3) *##KL//c. Ja±©*i8fcte£C^lJ<Jtt 

— tf. £-jOU3j/*~g, Q-tj=>>? Visit— if. £ 
$11^7^^^!!^ (Sphinqobacterium) H 

JU^sK^A (Sphinqobacterium mu1tivorum){CJlT5i 50 



^3.6*1. X7 A^-dKZf-*)*}!* . (sp 
hinqobacterium multivorum)T E 3 5 8 0 £^>:g Utc. 
2fqgfct£§S## v FERM P- 14 20 9iUT§Fit 

[0013] *mi<D$m%m.TZK.$>tt-,X\t> ± 
(Cig#U S^S^*"?. * W7*>T Kd7 

ti*. mmmttxit. mi^^h^i, i*ix*x 4 

astS^t Lr tt. y >K# a. y r y 

cooi4] i8ffigg*st,>»«$ui 

^f^=&ff^«, *g§lfigttifo2 0^4 5-0. 5?* 0 < « 
$ij2 5~3 7'C. ««pHttKr5^9fl!}«HT. 

MS. ftl~7B-C£WU SftrttC^bT^^Tsy 

[0015] *mM(DB%<mMmz-Mucmi2tiz 



(5) 



#&W7 - 2 7 4 9 6 1 



*^A-£&{t#;i<*/?A&£*©£|ii3gga > :7a* 5 
E ( i?x. *y\,r 5 ?•;!/) -t7 7 q-X, CM (* 

to o i e] *m<D^mc£*)mbtxfci>^7*is 

^as^fcitfJIU&fc&t-f*. C©f U7?>7 5y 

CO 0 1 7] ^M^WC^l^f-^SS^W f.- n 

U7*>£0. lMiJ&S«fc^K5 0mM'J>S{^ 
iK. pH7. 5tC$gjS?l,fcfc©) 0. 9ml ££9. 3 

7 -c-ciK) 5 ^«ans-rs 0 ^cccmmfto . 1 m i * 

ftl*. SrS£B§&U 3 7'C"CiEEi{Cl 0^HSJ£:3# 
fcf&. DAB&f£(2. 0e©i/y^7 5>"C>X7 
JVxt K£ 1 0 0m 1 ©S/.* *\rt/*Jl/tf +f f-'fc&8?3 
igig&15ml*Jjn*.S„ > 2. 0ml4M 
rKJS*tfjh3#S„ 2 5"CT2 0#ISftHf£. 

l$LLtL$t&&m (EhrichSlS*fi£!fel) 44 2 5 n mCCfc 

yisfcjfeariajs-rs. wmmimmo. q mi 4 3 

7-C-Cl 0#IS;tea& > DAB?§7£2. Oml^Jn^r 
iSSlU o^-CSXjgiito. 1 m 1 €ftIA.THMU « 

~mmic2 5-C-C2 o^rasfcgm. ia*s*?ijs-rs. 
±gs^ffT-c 1 #fwfc 1 v -r * p *^© jfe&^%SfiS 
■rsi?£s* 1 £ti (u) ttz. 
[0 0 1 8 3 

t. 

mmmi 

*U7*>1%. #V*7bl>l% t |?Sx**0. 5 
%. NaClO. 5%*£t?igift (pH7. 0) 100 
ml£5 0 0mlg£P75X3tCi£U 1 2 1 'C. 1 

• fvM h y? •< (Paracoccus denithfica 
ns) IFO14907t-e*5«|L. 3 0*Crii$M 

«»u wswr^lau jwcweae y * r;u*i o 

>; » h^gyi--7r-y>i?-{C^U. 12 1'Cri 
ml&^U 3 00 rpm, il^fi2 3 0"C"C 
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20 



30 



mmbtc. mm**wMic'cmtL % somM 
y >®ag»?£ ( p h 7 . o ) icmmitc. 
[0019] ±m&Mmmi? u>f-?\,xv*n 
u j|i&»«*fTt>. .hfflfttfffc. 'f»6nfcffl^s?8t 

fcSSSaiB, DEAE--te7Tti-*2n-?f.y-7:7 
8 U/m g fe* Lfc. I ff feftfc » i> 7 * 5 $T r 



i. raosjtimbfc. 

[0 020] 

?UT*> + HtO - *A,ai>> + gjfc 

[0 02 1 ] 2. Kmll: 9U7?>(ctf*-SKmttlX 

#^J2 2. 8mMTiofc. 

3. SjapH:50mM K- U^RflffiiK (pH6. 
0~8. 0). 50mMh'J:MUfeMftft (pH8. 0 
-9. 0). ^'J^NaOHttKK ( P H9. 0-1 
0. 5) *T©B«ffitt*«|!£Lfc. -€-©igS{*@ 1 (C 
JlfTaOTAoT. £IpH(^8. 0~9. 5T*o 

4. $SpH: ^ys/^ttMSffiK (pHZ-3) . 

(pH3~6) . K-y>IHHKX ( P H6~ 
8). hUXttSMffiR (pH8~9) . yy*/>Na 
OH*g?fjR (pH9~1 0) "C2 5*C. ftl 8^IS«?? 
Ut:^©gim£tt«:a[I£^fc. ^©iSmttH 2 fC^T ii 

5. SStm&:&&£K*tf&W3lj&&?km&l f 1k. * 

©*s*«H 3 tc^-ra ot^ot, 35- 
4 0*cr*-7fc. 

6. fK%£&:*aB0BX£5OiiiM K-y>Bttl 

»tt (pH7. 5) fi-cao^sifc^ ^srs 

S^rS^^iiJSL/fc. ■€'©ttftBH4{CiS , rat)T*-3 
r, ^4 0-CiTSS-CA^.ft:. 

7. : ffj 6 8 . 00 0 (yjUj&ag) 
ft50, 000 (SDS-PAGE) 

8. ^m.^,: yj4. i (^s.^m^id) 



[0022] mmmz 

91>7?>1%. ^y^^h>l%, ifif^o. 5 
40 X, NaClO. 5%*^tfeSt(pH7. 0) 100 
m 1 £5 0 Om lgSP^^aCtif^U 1 2 1 *a 1 

iJT, • TA'iJUV a vT. (Paracoccus alkalophilus) J 
CM7 3 6 4%-e^5fflfflL. 3 0"Cr»«J&»b. 

a*g«88£ bit, yctcpugflfee y » h** i o y v vn, 

Sy*-7r-y>jr-K^, 1 2 1 *C"C 1 5^|ffl* 

-r* u-^tfr^, «c^m. m%mm 1 o o m 1 

L. 300 rpm. 9At2 1/^, 3 0°Ct?B$ra^fg 
0 te. t jl^MK ran t, , 5 0 m M y 
SO ffK(pH7. 0) (CJUU 7u>^7*u^-rMa 



9 

u jfcwj**m». ±mmzmc nbtiitwrnrnm 

BfaO. 3U/m 1 <D#l>Y9-l'T5.V>S"-< Kn-7- 
[0 02 3] §HJ60!l3 

K NaClO. 5%*£triSifi (pH7. 0) 100 
m 1 45 OOmlgiSP:?'? -*a{t#U 1 2 1 'C. 1 
5»flM--|.*U-:r*tT-*fc. SHiOT. 

• (Sphinqobacterium multivoru 

m)TE3 5 8 0 (F ERM P- 1 4 2 0 9 ) *-fi:& 

3«M9u 3 0-ct?n$ig{ggu *gst&± i,*. £k: 

IHfrSt a^Sffil 0 0ml *£L. 3 0 0 r p m. a 
HfcTllMU 50mM';>flHHHft (pH7. 0) tc 

[o o 2 4 ] ±$ffi&mmw&y isi"j-7uz-cnm 
u jg<>Atttm>. ±?t®4fffc. mtntmmffi. 

*5S3c#H. DEAE--fe7Tn-^d'nvh^77^ 
7S**G-2 0 0{t<fcSy*3Sfi(c*!)lt?§14ift2 1 

[0025] 
[ft 2] 

?l/Tf-> + H,0 - Vfrzii/y + S3R 

2. Kmffi: *U7*>K^SKm«I«ifol 8. 5m 
MTA oft:. 

3. SSpH:50mM K- V >WmffiWL (p H5. 
5-8. 0), 5 0mMh>;xttlHMRK (pH7. 5 
~8. 5). yyj/>NaOHtHRW (pH9. 0-1 
0. 5) *"C©WRffitt*ilSELfc. *©IS*t295H 

(c^-raoT^oT. MjSpHtti^7. 5~o. or* 

4. ksph : trvis'^mmmw. ( p h2~3> . » 
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HMMKS (pH3~6) . K-y>WMfiK (phb-^ 
8). h'iXttlMMKtt (pH8~9) . #y^>Na 
OHS»?8 (pH9~1 0) T. 2 5°C, 1 8H$Nft# 
l/T*©gSm£t4*jiJJgLfc. *©£*. £5gp Httift 
4^10t*^,te (08) . 

5. siii&g: saft(c«)(t«mHstttjnjetyfc. * 

QltSI2H7<C5%-ra>)'ftfco-c. StMgtt#j4 0*C 

6. ft££tt:#liW©Iij(3£5 0mM K-yZ/gtft 
10 «f?K(pH7. 5) *T3 0»«H«iLtef|, 

MBttSttefflSt/ft:. *©*£S»0 8 (C^Ta*) 

r. 4 5x;*r8jrc*-9fc. 

7. Wf:fi7 3, 00 0 (y^itiaffi) 
#14 4, 000 (SDS-PAGE) 
[0026] 

20 [H9i©Mi&M9n 

[01 ] ^73-y*^|S©^OSlc£:pHiti*f}S§f4i 

[02] /t93 9«xAK!>mM)pHS3ett«^'r^9 

[03] 'i?a9#XR©IMto5ttra&f&ttitt£ 

[04] ^vzk^ijx^omm^mSiW&^Trcrifvv 
[05] ^7^>=r/<jr^i;^Aj||©«»©BaepHi 

[06] ^7^>=f/<dfyy>A«©»»©pH3eett 
[07] X7 4>:f'<»7-';9JJI®BX0£l&fil££ 
[08] >^<*f-y«>AiI©B*cWIIK3ett* 
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No. 5 " fe^^ 

[Cbem. Pharm. Bui 1.1 
34(5)2155-2160(1986)J 

Purification and Characterization of Creatine Amidinohydrolase 
of Alcaligenes Origin 

Yasuchuca Matsuda,*- 0 Naoko Wakamatsu/Yoshio Inouve,* 
Shigemi Uede,* Yasuhiro Hashimoto, 6 Kenji Asano* 
and'SHOsHmo Nakamura* 

Institute of Pharmaceutical Sciences, Hiroshima University School of Medicine,* 
2-2-3 Kasumi, Minami-ku, Hiroshima 734, Japan and Central Research 
Laboratory, Kobayashi Pharmaceutical Co., Ltd.* 3-13-35 
Mitsuya-minami, Yodogawa-fcu, Osaka 532, Japan 

(Received October 24, 1985) 

Extracellular, creatine amidinohydrolase (creatinase, EC 3.5.3.3) produced by Alcaligenes sp 
nov. was purified to electrophoretic homogeneity by ion exchange chromatography on diethyi- 
aminoethyl-cellulose, gel nitration on Sephadex G-75 and hydrophobic chromatography on phenyl- 
Sepharose CL-4B. The molecular weight of the enzyme was estimated to be 51000 by gel filtration 
on Sephadex G-200 and sodium dodecyl sulfate-polyacrylaiiiide gel electrophoresis. The enzyme 
showed the maximum activity at pH 8 and was stable at pH 5—9. The pi value was 41 as 
detennined by isoelectric focusing. The enzyme catalyzed hydrolysis of creatine to sarcosine and 
urea, and the and values for creatine were 17.2mM and 105/nnoI/mih/mg protein 
respectively. The enzyme was markedly inactivated by ^rchloromercuribenzoate (PCMB). Besides 
PCMB, the enzyme was inactivated by N-bromosuccinimide, Zn 2+ , Co** or H^ + . 

Keywords creatine amidinohydrolase (EC 3.5.33); creatine; Alcaligenes; clinical diagnosis- 

hydrophobic chromatography * 
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Since the Folin method, 1 ' which is most commonly used in the clinical diagnostic analysis 
of creatinine in serum and urine, has the disadvantages of poor specificity and requirement for 
deproteinization, enzymatic measurement systems 2 " 5 * using creatinine amidohydrolase 
(creatininase, EC 3.5.2.10) and creatine amidinohydrolase (creatinase, EC 3.5.3.3) in com- 
bination with other enzymes (for example, sarcosine oxidase and peroxidase) are replacing the 
.Folin method. However, the creatininases and creatinases involved have not yet been 
characterized completely except for those from Pseudomonqs putida. 

In our screening for creatinine catabolic enzymes, a novel species of Alcaligenes was 
found to be an adequate source for creatiniase and creatinase. 6) The former catalyzes 
interconversion between creatinine and creatine, and the latter hydrolyzes creatine to 
sarcosine and urea. The purification and characterization of creatininase produced by 
Alcaligenes have been reported previously. 7) The present report describes the purification and 
characterization of creatinase of the same origin. 

Materials and Methods 

Materials Sarcosine oxidase (EC 1.5.3,1) of Bacillus subtilis origin was obtained from Toyo Jozo Co. and 

horseradish peroxidase was a product of Wako Chemical Ind., Ltd Phenyl-Sepharose CL-4B, Sephadex G-75, 
Sephadex G-200 and Pharmalyte were purchased from Pharmacia Fine Chemicals. Ail the other materials were 
commercial products of analytical grade. 

Production of Creatinase A seed culture was established in a 500 ml Sakaguchi flask containing 1 1 0 ml of a 

medium composed of 1.0% soluble starch, 1.0% ghicose, 0.75% meat extract, 0.75% polypeptone. 0.3% NaCl, 0,1% 
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MgS0^7H 2 0, 0001% MnClj .4H a O, 0.01% ZnSO 4 -7H 2 0 and 0.001% CuS0 4 -2^0 (pH 7 4) at 28 °C ft* r> u 
rotary shaker at 200rpm. The seed culture (330ml) was used to bocuMe a 10 1 jar fennenter * Vl* 

LABO LF-100 fermenter) containing 5 1 of a production medium consisting of" SSSSaS?^^ ""t 
0.5% creatine, 0.2% polypepton. 02% NaNO* 0.1% KH,P0 4 , iuSxi^^Q^^^^ 
FeS<V7H,0. The culture was conducted at 28'C for Wwith'aerat4 JtUlS^^SX!^^ 

■ Assay for Protem Determination The protein concentration was measured by the method of LowrvT^ «) 

using bovine serum albumin as a standard. 1 et «• ' 

Tns^^f^o'^tT^ ^f? I: A ^ ° f «-yme solution (0. 1 ml) and 50mM 

Tns-HCl buffer (pH 8.0, 0.9 ml) containmg 50 nm creatine was incubated at 37 "C After 50 Jin 9»i t 
dimethylsulfoxide containmg 1.7% (w/v) ^^ethylarninobenzaldehyde and 13% (vM m^nn^'JuA f 

temperature for 20mm, and the absorbance at 453 nm was measured against the blank, in which the heat-inaS 
enzyme was employed. i«*n-ucunuucu 

„ Mcthod A of °- 1 M TrirfICI b^er (pH 8.0, 0. 1 ml) and 50 mM creatine (0. 8 ml) was warmed to 

37'C and the reaction was started by adding an aqueous enzyme solution (0.1 ml). After aSbaSnTSTSSS 
37-C, the ration was stopped by adding lmM^<hloromercuribenzoate (PCM? 

determined by further incubation at 37 »C for 20 min with a mixture (0.5 mQ of 30 J ?TriSaS^mT?2 
aminoantipyrine, 0.3mg/ml phenol, 30 units/ml horseradish peroxidase, 6 v^ts/7^^ ^±Vi^Tl 
PCMB. and the absorbance at 500 nm was read against the blank. In both metkods^S S£S2i ^ S 
amount of enzyme which catalyzed the hydrolysis of l^nnol of substrate per min «^T5SS2LS£ 

Hech^horesfe— Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis was performed in 10V 
. polyacrylamide according to the methpd of Weber and Osbom." Bovine serum albumiJ ?M 680M) «- 
chymotrypsmogen (M 25700) and lysozyme (M t 14300) were nsed as references to determine the molei 2 t of 
the enzyme. Polyacrylamide disc gel electrophoresis was performed according to themethod of DavSSSfic - 
stammg o f creatinase activity in the gel was carried out by the formation of diformazan»<> IsoeSc fo^wS 
conducted according to the method ofLaas and Fast-Johansson^ using Phannalyte in a gel rod. 8 

Results 

Purification of Creatinase 

All the procedures were carried out at 4 °C unless otherwise specified. The culture broth 
wasrcentrifuged at 35Q0rpm for 20 min to remove the mycelial cake. The broth filtrate was 
brought to 75% saturation with (NHJaSO* at pH 7.8 and allowed to stand for 15 h. The 
precipitate collected by centrifugation at 3500 rpm for 20 ruin was dialyzed against 0 02 m 
Tns-HCl buffer (pH 7.8) for 15h. Then 2% aqueous protamine sulfate was added to the 
retentate (0.7 ml/100 mg protein) with stirring and thewhole was allowed to stand for 15h. 
The supernatant obtained by centrifugation at 3500rpm for 20min was dialyzed against 
0.02 m Tris-HCl buffer (pH 7.8) for 15 h. The crude sample was concentrated by salting out 
with 75% saturation of (NH^SO, and redissolving in 0.02m Tris-HCl buffer (pH 7.8), and 
charged on a column (21 cm x 3.0 cm) of dKthylarninoethyl (DEAE)-cellulose (Whatman DE 
23) which had been equilibrated with 0.02 m Tris-HCl buffer (pH 7.8). The column' was 
thoroughly washed with 1 1 of the same buffer containing 0.15 m NaCl, then the enzyme was 
ehited with a linear gradient of NaCl (0.15— 0.7 m) in the same buffer. The partially purified 
enzyme from DEAE-cellulose chromatography was further subjected to Sephadex G-75 
column chromatography (Fig. 1) and then to hydrophobic chromatography on phenyl- 
Sepharose CL-4B (Fig. 2). The purified enzyme was dialyzed against 0.02 m Tris-HCl buffer 
(pH 7.8) for 15 h and stored in a frozen state for further characterization. The purification of 
the enzyme is summarized in Table I. 

The purified enzyme showed a single band on polyacrylamide gel electrophoresis in the 
absence or presence of SDS (Fig. 3). On polyacrylamide gel electrophoresis, the relative 
mobility of the protein band was identical with that of the band stained with diformazan. 
Estimation of Molecular Weight 

By both SDS-polyacrylamide gel electrophoresis and gel filtration on Sephadex G-200, 
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20 

Fraction number 

Fig. 1. Gel Filtration of Creatinase on Sepha- 
dexG-75 

The crude enzyme obtained by DEAE-ccllulose 
chromatography fUmg as protein) was charged on 
a column of Sephadex G-75 (84cm x 1.5cm), and 
10 mM phosphate buffer (pH 7.0) containing 0.1m 
NaCl was used for ehition of the enzyme. The eluate 
was collected in 3.8 ml fractions. Creatinase activity 
was measured by assay method EL 

Ot creatinase activity; #, protein. 



10 15 20 
Fraction number 

Fig. 2. Hydrophobic Chromatography of Cre- 
atinase on Fhenyl-Sepharose CL-4B 

, Tbe peak fractions of creatinase activity from- Se- 
phadex G-75 gel filtration were pooled and, after 
addition of solid QUi^SO^ to a final concentration 
of 1m, charged on a column of phenyUSepharose CL- 
4B (5.5cmxUcm) equilibrated with 50 mM phos- 
phate buffer (pH 7.0) containing 1 m (NI^SO,. The 
column was washed with the same buffer and then 
50mM phosphate buffer (pH 7.0) containing 0.2m 
(NH^SC^ (buffer was changed at arrow A). Arrow B 
indicates a further change to 50 mM phosphate buffer 
(pH 7.0). The eluate was collected in 2.5ml fractions 
and the creatinase activity. was measured by assay 
method II. 

O, creatinase activity; •> protein; , (NHJj- 



Table I. Purification of Creatinase 



Fraction 


Total protein 
(mg) 


Total activity 
(unit) 


Specific activity 
(unit/mg) 


Recovery 
(%) 


Culture broth 


49820 


3890 


. 0.08 


100 


Ammonium sulfate ppt • 


44850 


3690 


0.08 


95 


Protamine sulfate sup. 


8580 


3350 


0.39 


86 


Ammonium sulfate ppL 


7750 


3180 


0.41 


82 


DEAE-cellulose 


730 


2550 


3.49 


66 


Sephadex G-75 


220 


1270 


5.77 


33 


Phcnyl-Sepharose CL-4B 


110 


935 


8.50 


24 



a) 



b) 



Fig. 3. Electrophorograms of Purified Crea- 
tinase 

a) Polyacrylanride gel electrophorogram. b) SDS- 
pplyacrylamide gel electrophorogram. 



the molecular weight of the enzyme was estimated to be 51000. 

Isoelectric Point (pi) of Creatinase 

The pi value was determined to be 4.7 by isoelectric focusing. 

Effects of pH on Creatinase Activity and Stability 

The effects of pH on the enzyme activity and stability were tested by assay methods I and 
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cd 
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Fig. 4. Effect of pH on Creatinase Activity - 

The creatinase activity was measured by assay 
method I. An aqueous enzyme solution (1X39 unit/ 
0.1ml) was incubated with either 0.1 M phosphate 
buffer (Oi pH 6.0— 7 S), 0.1 M Tris-HCl buffer (O, 
pH 7.5—9.0) or 0.1 m carbonate buffer (A, pH 9.0 — 
11.0). The enzyme activity under the standard condi- 
tions was denned as 100%. 




. 2 3 4 5 6 7 8 9 1011 . 
pH 

Fig, 5. Effect of pH on the Stability of Cre- 
atinase • 

A mixture of an aqueous enzyme solution (0.063 
unit/0. 15 ml) and 0.1m buffer solution (0.15 ml) was 
incubated at 37 °C for Ih. The pH was adjusted to 
near 8 with 0;5m Tris-HCl buffer (pH 8.0, 0.7 ml), 
then the residua] activity was measured by assay 
method II. The activity of untreated enzyme was 
defined as 100%. 

O, citrate buffer (pH ZO— 7.0); *, Tris-HCl buffer 
(pH 7.0—9.0); A," carbonate buffer (pH 9.0—11.0). 



Tablb II. Effects of Various Chemicals 
on Creatinase Activity 




Residual . 


Ghemicai (1 mM) 


activity 




(%) 


None 


100 


Ethyleaediaminetetraacetate 


108 


8-HydroxyquinoHne 


91- 


0-Phenanthrolrae hydrochloride 


106 ' 


Monoiodoacetate 


99 


^Chloromercuribenzoate 


0 


Glutathione (oxidized) 


104 ' 


^Toluenesulfonyl chloride 


102 


Pbenyhnethanesulfony! fluoride 


99 


^-Bromosucxnmmide 


0 



Table EL Effects of Various Metal Ions 
on Creatinase Activity 



Metal salt (ImM) 


Residual activity (%) 


None 


100: 


Mnd 2 


96 


CoClj 


77 


ZnCl 2 


14 


CaCl 2 


98 


FeS0 4 


91 


MgS0 4 


100 


CuS0 4 


51 


HgO* 


0 



A mixture of the purified enzyme solution (0.276iimt/0.2ml) 
in 0.1 M Tris-HCl buffer (pH 8.0) and 5 mM inhibitor solution 
(0.05 ml) in the same buffer was incubated at 37 °C for 30min 
and the residual activity was measured by assay method L 



A mixture of the purified enzyme solution (6.260 unit/0.2 ml) 
in 0.1 m Tris-HCl buffer (pH 8.0) and 5mM aqueous metal 
salt solution (0.05 ml) was incubated at 37 °C for 30min and 
the residual activity was measured by assay method L 



II, respectively. The optimum activity was observed near pH 8 (Fig. 4). Although the enzyme 
was stable at pH 5 — 9, it seemed especially labile at pH below 4 (Fig. 5). 

Effects of Various Chemicals and Metal Ions 

The creatinase activity was measured by assay method I As shown in Table II, the 
enzyme was completely inactivated by PCMB and W-bromosuccinimide. .The inhibition by 
PCMB, however, was reversed by 50% by the further addition of 10 mM dithiothreitol. 
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Among metal ions tested, the enzyme was adversely affected by Zn 2 * Cu 2+ or 11^+ ■ A 

negligible effects were observed with the other metal ions (Table IE); ' 

Kinetics 

Since the enzyme catalyzed the hydrolysis of creatine to sarcosine and urea the ki^rir 
parameters were obtained from Lkeweaver-Burk plots »> using creatine as a substrate 
^ and Rvalues were calculated to be 17.2mMand 1 05 ^moVmin/mg protein x^klw 
by assay method II, using a reaction mixture composed of an aqueous e^Tolutio^t« 
umt/Ol ml), 0.! u Tris-HCl buffer <pH 8.0, 0.1 ml) and 2-50^ aa^cr^olu^on 



Discussion 



The creatmase and creatininase were produced by the parental strain of Alcaligenes sr> 
nov. at the ratio of 1 :20 in terms of enzymatic activities (0.1 and 2.0units/ml, respectively)' 
By repeated selections for substrams producing a high titer of creating the produS of 
creatmase (0.4umt/ml) was increased approximately 4 times over that of the parental strain 
whUe the creatmmase activity (0.3 unit/ml) was decreased to approximately one-seventh of 
toat of the original strain. 

Although creatmyl-AH-Sepharose was used as" an affinity adsorbent for the creatininase 
from Alcaligenes, the creatmase could not be separated from impurities which were retained 
on the column by the strong ionic interaction with guanide groups of the adsorbent However 
hydrophobic chromatography on phenyl-Sepharose CL-4B was found to be effective for the 
isolation of the creatinase. Furthermore, the creatiiiiaase coadsorbed with the creatinase on 
phenyl-Sepharose CL-4B was not eluted from the column with 50mM phosphate buffer foH 
7); the enzyme was finally eluted with H 2 0. tf 

To date creatinases from Arthrobacter urea/aciens 1 ^ and Pseudomonas putidct" have 
been reported. The former has not yet been purified completely; though the molecular weieht 
was<estimated.to be 100000. The latter was purified extensively by Yoshimoto et and 
found to be composed of two subunits with a molecular weight of 47000. Like the creatinase 
from Alcahgenes, the enzyme from Pseudomonas was inactivated by PCMB. The pi values of 
both enzymes are 4.7. However, the creatinase from Alcaligenes is a monomer with a 
molecular weight of 51000. The ^ values for creatine of the enzymes from Pseudomonas znd 
Alcahgenes are 1.3 and 17.2 mM, respectively. In addition, on polyacrylamide gel elec- 
trophoresis, the enzymes showed different mobilities. It is worth emphasizing that the specific 
activity of the creatinase from Alcaligenes is 65 times higher than that of the cf eatinase from 

The purified enzymes of Alcaligenes origin should be useful in the enzymatic de- 
termination of creatinine and/or creatine in clinical samples. 
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I, Atsushi Sogabe, hereby declare that: 

1 . I am a citizen of Japan. I graduated in March of 1 988 from the Laboratory 
of Applied Microbiology in the Department of Agricultural Chemistry at Shizuoka 
University in Shizuoka, Japan. I have been employed by Toyo Boseki Kabushiki Kaisha, 
the assignee with respect to the above-identified application, since April of 1988. As of 
July of 2003, 1 have been temporarily transferred to Toyobo Research Center Co., Ltd. I 
have been engaged in research in the fields of Enzymology and Molecular Biology. 
Accordingly, I am familiar with the knowledge of one of ordinary skill in the art of 
enzymes as of at least 1996. 

2. I am one of the inventors named on U.S. Patent 6,080,553. I have read U.S. 
Patent 6,080,553, which I understand is related to the above-referenced reissue application. 

3. U.S. Patent 6,080,553 pertains to creatine amidinohydrolases, which are 
described in various terms, including by reference to isoelectric point, in that patent. 

4. The isoelectric point (pi) refers to the pH of a solution at which the total 
charges of an amphoteric electrolyte becomes 0 (i.e., neutral). The twenty different amino 
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acids, which make up proteins, are amphoteric electrolytes having positive charges (e.g., 
amino group) or negative charges (e.g., carboxyl group). Each amino acid has a specific 
pi value. Accordingly, a protein composed of amino acids is an amphoteric electrolyte 
having a pi value unambiguously determinable experimentally or from the amino acid 
sequence of the protein. 

5. U.S. Patent 6,080,553 provides the amino acid sequence of wild-type 
creatine amidinohydrolase derived from Alcaligenes faecalis in SEQ ID NO: 1. Therefore, 
an ordinarily skilled artisan would be able to determine the pi value of the wild-type 
creatine amidinohydrolase by experiment and/or by calculation. The ability to do so was 
within the skill of an ordinarily skilled artisan since at least 1996. 

6. U.S. Patent 6,080,553 describes the mutation of a wild-type creatine 
amidinohydrolase to create novel creatine amidinohydrolases with lower Km values. To 
preserve the inherent function and the physicochemical properties of the wild-type creatine 
amidohydrolase, the difference in the amino acid sequence between the source material 
and the mutants, or between different mutants, would have to be relatively minimal. Such 
small differences in the amino acid sequences of the mutants as compared to the wild-type 
amino acid sequence would not result in a significant difference in the pi value of the 
mutant creatine amidinohydrolases as compared to the wild-type enzyme. 

7. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, 
would have understood that U.S. Patent 6,080,553 describes three specific novel creatine 
amidinohydrolases, which can be obtained from the following deposited materials: 
Escherchia coli JM109 (pCRH273M2), Escherchia coli JM109 (pCRH273Ml), and 
Escherchia coli JM109 (pCRH273M3). By comparison of Tables 2, 4, and 6 set forth in 
U.S. Patent 6,080,553, it is apparent that the majority of the physicochemical properties 
are conserved between the novel creatine amidinohydrolases, including the pi value. 

8. One of ordinary skill in the art, reading U.S. Patent 6,080,553 in 1996, would 
have understood that U.S. Patent 6,080,553 also describes a group of novel creatine 
amidinohydrolases that include the three specific novel creatine amidinohydrolases disclosed 
in U.S. Patent 6,080,553. 
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9. If an ordinarily skilled artisan read U.S. Patent 6,080,553 in about 1996, the 
ordinarily skilled artisan would have recognized that these three specific novel creatine 
amidinohydrolases (described in U.S. Patent 6,080,553) are a representative subset of a 
group of novel creatine amidinohydrolases (also disclosed in U.S. Patent 6,080,553) with a 
shared set of physicochemical properties. The ordinarily skilled artisan also would have 
recognized that the pi value would be conserved among the members of this group of 
novel creatine amidinohydrolases as a function of conserving the function and 
physiological properties of the novel creatine amidinohydrolases. 

10. If an ordinarily skilled artisan determined the actual pi value of the three 
specific novel creatine amidinohydrolases described in U.S. Patent 6,080,553 and found 
the actual pi value to be different from the pi value reported in U.S. Patent 6,080,553 for 
those three specific novel creatine amidinohydrolases, the ordinarily skilled artisan 
nevertheless would have understood that the pi value characterizing the group of novel 
c/eatine amidinohydrolases would be about the same as the actual determined pi value 
characterizing the three specific novel creatine amidinohydrolases that are members of that 
group. One of ordinary skill in the art would have had that understanding in 1996 and 
would have that same understanding today. Reading U.S. Patent 6,080,553 either in 1996 
or today, one of ordinary skill in the art would believe that the inventors listed on U.S. 
Patent 6,080,553 had possession of the group of creatine amidinohydrolases with a pi 
value that was the same as the pi value of the three specific novel creatine 
amidinohydrolases described in U.S. Patent 6,080,553, even if the actual pi value for these 
three specific novel creatine amidinohydrolases differed from the pi value reported in U.S. 
Patent 6,080,553. 

1 1 . The pi values of the creatine amindino hydrolases described in Examples 4, 
5, and 6 of U.S. Patent 6,080,553 were determined experimentally in the following manner. 
The three deposited bacterial strains that produce the creatine amidinohydrolases 
described in Examples 4, 5, and 6 of U.S. Patent 6,080,553 (i.e., Escherichia coli JM109 
(pCRH273Ml) deposited as FERM BP-5374, Escherichia coli JM109 (pCRH273M2) 
deposited as FERM BP-5375, and Escherichia coli JM109 (pCRH273M3) deposited as 
FERM BP-5376, respectively) were obtained from the International Patent Organism 
Depository (IPOD), a Japanese International Depository Authority. Each bacterial strain 
was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 0.5% sodium chloride, 
pH 7.4) containing 100 mg/mL ampicillin and 1.5% agar at 30° C for 24 hr. For a 
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preculture, a part of the bacterial cells grown was transferred to 5 mL of an L-broth (pH 
7.4) containing 100 mg/ml ampicillin with an inoculating loop, and cultured with shaking 
at 30° C for 16 hr. Then, the obtained bacterial suspension (0.5 mL) was transferred to 50 
mL of a creatine amidinohydrolase-producing medium I (1.2% polypeptone, 2.4% yeast 
extract, 0.4% glycerol, 1.25% di-potassium hydrogen phosphate, 0.23% potassium 
dihydrogen phosphate, and 200 mg/ml ampicillin), and cultured with shaking at 30° C for 
22 hr. 

12. After the completion of the culture in the creatine amidinohydrolase- 
producing medium I, each bacterial suspension was centrifuged to recover bacterial cells, 
which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
chromatography. The purified creatine amidinohydrolase from each bacterial suspension 
gave a single band with SDS polyacrylamide gel electrophoresis. 

13. Alcaligenes faecalis strain TE3581 described in Reference Example 1 of 
U.S. Patent 6,080,553 was cultured in an L-broth (1.0% polypeptone, 0.5% yeast extract, 
0.5% sodium chloride, pH 7.4) containing 1.5% agar at 30° C for 47 hr. For preculture, a 
part of the bacterial cells grown was transferred to 5 mL of an L-broth (pH 7.4) with an 
inoculating loop and cultured with shaking at 30° C for 16 hr. Then, the obtained bacterial 
suspension (5 mL) was transferred to 500 mL of a creatine amidinohydrolase-producing 
medium II (0.65% creatinine, 1.2% polypeptone, 2.4% yeast extract, 0.4% glycerol, 1.25% 
di-potassium hydrogen phosphate, and 0.23% potassium dihydrogen phosphate), and 
cultured with shaking at 30° C for 48 hr. 

14. After the completion of the culture in the creatine amidinohydrolase- 
producing medium II, the bacterial suspension was centrifuged to recover bacterial cells, 
which were suspended in 20 mM potassium phosphate buffer (pH 7.5) and sonicated to 
extract creatine amidinohydrolase. The creatine amidinohydrolase was purified by 
polyethyleneimine treatment, ammonium sulfate fractionation, a heat treatment, DEAE- 
sepharose exchange column chromatography, and Octyl-Sepharose column 
chromatography. The purified creatine amidinohydrolase gave a single band with SDS 
polyacrylamide gel electrophoresis. 
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15. The pi value of each purified creatine amindinohydrolase described above, 
as well as CRH-21 1, a creatine amidohydrolase derived from Actinobacillus sp. 
(commercially available from Toyo Boseki K.K.), was determined using Fast System 
(Amersham Bioscience), pi Calibration Kit 3-10 (Amersham Bioscience) and pi 
Calibration Kit 2.5-6.5 (Amersham Bioscience) were used for the pi markers. 

16. The pi values of the above-identified purified creatine amidinohydrolases 
were determined to be approximately 4.5, as reported in Figure 1 (see Attachment A). 

17. Additionally, the pi values of creatine amidinohydrolases isolated from 
various other strains are known in the art to be approximately 4.5. For example, the pi 
value of the creatine amindinohydrolase from Actinobacillus sp. is 4.6 (see page 75 of 
"Creatine Amindinohydrolase from Actinobacillus sp.," Toyobo Co., Ltd. Catalog 
(Attachment B)). The pi value of the creatine amindinohydrolase of Pseudomonas sp. is 
4.7 (see page 512, second column, last paragraph, of Yoshimoto et al., Arch. Biochem. 
Biophys., 177, 508-515 (1976) (Attachment C); and page 1 of "Creatine 
Amindinohydrolase from Pseudomonas sp." Toyobo Co., Ltd. Catalog (Attachment D)). 
The pi value of the creatine amindinohydrolase of Psuedomanas sp. (expressed in 
recombinant E. coli) is 4.8 (see page 48 of "Creatinase, Pseudomonas species, 
recombinant," Roche Molecular Biochemicals 1999/2000 (Attachment E)). The pi value 
of the creatine amindinohydrolase of Arthrobacter sp. is 4.3 (see Abstract; page 3, first 
column, lines 2-12 and 17-30; and page 5, second column, lines 25-28, of JP 10-257890 
(Attachment F)). The pi value of the creatine amindinohydrolase of Paracoccus sp. is 4. 1 
(see page 5, second column, line 37, of JP 7-274961 (Attachment G)). The pi value of the 
creatine amindinohydrolase of Bacillus sp. is 4.9 (see column 4, lines 10-12, of U.S. 
Patent 4,420,562 (Attachment H)). The pi value of the creatine amindinohydrolase of 
Alcaligenes sp. is 4.7 (see page 2157, penultimate paragraph, of Matsuda et al., Chem. 
Pharm. Bull, 34(5), 2155-2160 (1960) (Attachment I)). 

1 8. These results demonstrate that the pi values of the creatine 
amidinohydrolases disclosed in U.S. Patent 6,080,553 are about 4.5, and also that the pi 
values of creatine amindino hydrolases from different strains are about 4.5. Thus, one of 
ordinary skill in the art would have understood that the pi value characterizing the group 
of novel creatine amidinohydrolases disclosed in U.S. Patent 6,080,553 is about 4.5 and 
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In re Appln. of Sogabe et al. 
Application No. 09/940,941 

that the named inventors of U.S. Patent 6,080,553 had possession of such a group of novel 
creatine amidinohydrolases. 

19. I hereby declare that all statements made herein of my own knowledge are 
true, that all statements made on information and belief are believed to be true, that these 
statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



Date: 





Atsushi Sogabe 
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Lane ®: pi Marker (pi Calibration Kit 3-10) 

Lane @: creatine amidinohydrolase from Alcaligenes /3eca//sTE3581 

Lane ®: creatine amidinohydrolase from £ co// JM109 (pCRH273M1) 

Lane @: creatine amidinohydrolase from £ c<?// JM109 (pCRH273M2) 

Lane ©: creatine amidinohydrolase from £ co// JM109 (pCRH273M3) 

Lane ®: creatine amidinohydrolase fron Actinobacillus sp. 

Lane ®: pi Marker (pi Calibration Kit 2.5-6.5) 
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Attachment B 



CREATINE AMIDINOHYDROLASE 



from Actinobacillus sp. 




REPARATION and SPECIFICATION 



Appearance 
Activity 

Contaminants 

Stability 
Stabilizers 



: White amorphous powder, lyophilized 
: Grade II 6.0U/mg-solid or more 

(containing approx. 50% of stabilizers) 
: NADH oxidase <£.0X1CT 2 % 
Catalase : £2.0% 
: Stable at 0— 5TI in a desiccator 
: Sugars* EDTA 



(Fig.1) 



10PERTIES 

Molecular weight 

Isoelectric point 

Michaelis constant 

Structure 

Inhibitors 

Optimum pH 

Optimum temperature 

pH Stability • 

Thermal stability 

Effect of various chemicals 



: approx. 100,000 
:4.6±0.1 

: 1.9X10" 2 M (Creatine) 

: 2 subunits per mol of enzyme 

:Cu ++ ,Hg ++ ,Ag + 

: 8.0 

:40t; 

:pH5.5-9.0(25TC,16hr) 

: below 50tJ(pH7.5,30min) . 

: (Table 1) 



(Fig.3) 
(Fig.4) 
(Fig.5) 
(Fig.6) 



APPLICATIONS 

This enzyme. is useful for enzymatic determination of creatine and creatinine when coupled with 
sarcosine dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical 
analysis. 45 



iSAY 
Principle: 

Creatine+H 2 0 creatine amidinohydrolase > Sarcos[ne+Urea ... 
Urea+2(CH 3 ) 2 N-Q-CHO > [(CH 3 ) 2 NhQ-C = N] 2 CO+2H 2 0 

The appearance of yellow dye formed by condensation of urea and p-dimethylaminobenzaldehyde (DAB) (Ehrlich 
reaction) is measured at 435nm by spectrophotometry. 
Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described 
below. 
Method: 
Reagents 

A. Creatine solution : 0.1M [l.49g creatine (Merck)/100ml of 50mM phosphate buffer, pH 7.5] (Should 

be prepared fresh) 

B. DAB solution : Dissolve 2.0g of DAB in 100ml of dimethylsulfoxide and, to this solution, add 15ml 

of cone. HCI solution. 

C. Enzyme diluent : 50mM Phosphate buffer, pH 7.5 

Procedure 

1 . Pipette 0.9ml of the substrate solution (A) into a test tube and 
equilibrate at 37TC for about 5 minutes. 

2. Add 0.1 ml of the enzyme solution* and mix. 



Concentration in assay mixture 


Phosphate buffer 


50mM 


Creatine 


90mM 



3. After exactly 10 minutes at 37TC, add 2.0ml of DAB solution (B) to stop the reaction. 

4. Incubate at 25TC for 20 minutes. 

5. Measure the optical density at 435nm against water(OD test). 

At the same time, prepare the blank by first mixing the substrate solution with 2.0ml of DAB solution 
after a 10 min-incubation at 37*C .followed by the addition of the enzyme solution, and carry out the same 
procedure as test (procedure 4 and 5)(OD blank). 

* Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to 1.0—4.0 U/ml with the same 
buffer, immediately before assay. 
Calculation 

Activity can be calculated by using the following formula I 

Wl /1W |V AOD(ODtest-ODblank)XVtXdf Artrfcvn « v ^i 
Volume activity (U/ml) = 0321X1 OxtxVs = AODX9.35Xdf 

Weight activity (U/mg)=(U/ml)x 1/C 
Vt : Total volume (3.0ml) 
Vs : Sample volume (0.1ml) 

0.321 : Millimolar extinction coefficient of yellow dye (enf/micromole) 
1 .0 : Light path length (cm) 
t : Reaction time (10 minutes) 
df : Dilution factor 

C : Enzyme concentration in dissolution (c mg/rril) 



zFERENCES 

1 ) D.Tsuru; Nucleic Acid and Amino Acids, 35, 31 (1 977). 

2) T.Yoshimoto, I.Oka and D.Tsuru \Arch.Biochem.Biophys., 177, 508 (1976). 

3) T.Yoshimoto J.Oka and D.Tsuru \J.Biochem., 79, 1381 (1976). 

4) QJsuru\Rtnsho Kensa, 22, 1331 (1978). 



Table 1. Effect of Various Chemicals on Creatine amidinohydrolase 

[The enzyme dissolved in 50mM Tris-HCI buffer, pH 7.5 (80 U/ml) was incubated at 25*0 for 30 minutes with 
each chemicaL] 



1 



(Chemical 



Concn.f 




mmmmmmsm 




m 
m 

w 



mm 



mmmmmmmm 



mmmm 

mmmm 


Concn.(mM) 


■■HSSn 


NaF'? •■•••■/-.">: 






WMBW'-VS 


















• NaNS^^ 7 ?^ 






io&henaWhrol'i 


nefvv^^::^>v^1^0^\-v 




jHydroxyiamine 












Triton X-1 00 


0.5% 


94 | 


Brii 35 


0.5% 


. 103 , | 


Tween 20 . 






Span 20 


. 0.5% 


.106 | 


Na-cholate 


, 0.5% . 


103 | 


SDS "-. 


■ • > . , - 0;25% 


• • 102 | 


DAG 


0.5% 


,v;:; : , 1.7. | 



Ac, CH3CO; EDTA, Ethylenediaminetetraacetate; PCMB, p-Chloromercuribenzoate; MIA, Monoiodoacetate; IAA, 
lodoacetamide; NEM, N-Ethylmaieimide; SDS, Sodium dodecyl sulfate; DAC, Dimethyl-benzyl-alkyl-ammonium chloride 
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Fig.1. Stability (Powder form) 

(kept under dry conditions) 
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PH 



Fig.3. pH-Activity 

f 37t^ ,10min-reaction in 50mM 1 
I K-phoshate buffer J 




0 4 



6 7 
PH 



Fig.5.pH-Stability 

25tM6hr-treatment with 50mM 
buffer solution: pH4.0-5.5, 
Acetate pH6.0-9.0, K-phosphate 




Fig.2. Stability(Liquld form) 

In 50 mM K-phosphate buffer, 1 
pH7.5 J 



Fig.4.Temperature activity 

f 10mfn-reaction in 50mM ] 
[ K-phosphate buffer, pH7.5 J 



Fig.4. thermal stability 

30min-treament with 50mMl 
K-phosphate buffer, pH7.5 J 



>St£$iJ£>£ (Japanese) 

Creatine+H 2 0 > Sarcosine+Urea 

Urea+2(CH 3 ) 2 N-Q-CHO— ► [(CHa) 2 N-^- 
C=N] 2 CO+2H 2 0 

£ & l> tz S. it <F> p - V * * ^ U T 7 5 > * 7 ; U x* fc K 
(DAB) j:0}«^(Ehrich5fb)^JS4fe(lt6ft*) Sit 

TaB*«HUiMU)irr«o 

A. O.IM^UT^iSifc (l.49g0)?L/7 7 ?->(Merck 
g0£5OmM'J>^|gffi;$ pH7.5C}MIU,100nC 

B. DAB%m2.0Q<Dp-i/*3-Jl>T$.S'<>7:j>toT't. 
K£1 00mg<7) <>'^iU^^*>K(: JMPS-Urfttt, 

: IW»fl** »*J%Lfc50mMU>mra 
«,pH7.5TJfllPl/.fl'*fltlt{C|Riaif«-? 

1.0~-4.0U/me(C^|R1-5 o 

©Ktt«tC»f[»*(A)0.9«l*«tJ.37TC7|!l5»IB : f 

®as*»ao.i«eftipjL 1 SjiJs«Httt*. 

®37'C T M 1= 1 0 & Pal Jx J& «* fc« ,DABj§ « 

(B)2.0«l*JP^TK*lSt#it**«o 
<3)2SCr20^Blttll«,435nmU:*l+*Ba*JtftJIS 

f 3 (ODtesOo 
®Wtttt*J|»*(A)0.9intt37lC?10an]ttW*. 

DAB»*(B)2.0«**jtoiTiBftU*^"ra«i8* 

0.lB«*4niLTHIIIT*o.JSiTra*IC25TCT20ft|!!I 

ttB«iaat««iS-r«tODblanlOo 

A OD(OD test-OD blank)X3.0(«e)X&fRfe$ 
— 0.321X1.0X10(»)X0.1(m«) 

= AODX9.35X^IRfS$ 

= u/Bixr/c 

(cm/micromole) 
: £JBftO>BXilft(c mg/mg) 



U/mg 
0.321 

1.0 
C 
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Creatine Amidinohydrolase of Pseudomonas putida: Crystallization 

and Some Properties 

TADASHI YOSHIMOTO, IMAO OKA, 1 and DAISUKE TSURU 

Faculty of Pharmaceutical Sciences, Nagasaki University, Bunkyo-Machi, Nagasaki 852, Japan 

Received May 18, 1976 

Creatine amidinohydrolase (EC 3.5.3.3, creatinase) of Pseudomonas putida var. na- 
raensis C-83 was purified by column chromatography on sarcosine-hexamethyienedi- 
amine-Sepharose and Sephadex G-200 and then crystallized in the presence of ammo- 
nium sulfate. The purified preparation appeared homogeneous on disc gel electrophore- 
sis and ultracentrifugal analysis. It was most active at pH 8 and showed a.K m value of 
1.33 dim for creatine. Estimation of the molecular weight by the meniscus depletion 
method yielded a value of 94,000. A value of 47,000 was obtained, however, by polyacry]- 
amide gel electrophoresis in the presence of sodium dodecyl sulfate, suggesting that the ^ 
enzyme is composed of two subunits. Inhibition experiments suggested that a sulfhydryl 
group is closely related to the creatinase activity. 



In the previous paper (1), we reported 
that Pseudomonas putida var. naraensis 
C-83 inducibly produces three intracellu- 
lar enzymes involved in creatinine metab- 
olism, i.e., creatinine amidohydrolase (EC 
3.5.2, creatininase), creatine amidinohy- 
drolase (EC 3.5.3.3, creatinase), and sarco- 
sine dehydrogenase (EC 1.5.99.1). By the 
action of these enzymes, creatinine is con- 
verted to sarcosine via creatine and fur- 
ther to glycine (1). The same type of meta- 
bolic pathway for creatinine has previ- 
ously been deduced in the other two spe- 
cies of Pseudomonas, P. aeruginosa (2-4) 
and P. ovalis (5, 6). However, the details 
of the properties of the enzymes involved 
have remained unclear. Kaplan and his 
co-workers (7, 8) recently reported the pu- 
rification and some enzymatic properties 
of creatininase and creatinase from Ar- 
throbacter ureafaciens, but the prepara- 
tions obtained were still heterogeneous. 

We attempted to purify these three en- 
zymes from cell-free extracts of P. putida 
grown in a creatinine-enriched medium (1) 
and succeeded in obtaining a crystalline 
creatinase and characterizing its proper- 
ties. The present paper deals with the pu- 

1 On leave from Research Division, Eiken Ka- 
gaku Co., Katsushika-Ku, Tokyo. 
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rification, the crystallization, and the de- 
tails of the properties of the creatinase 
from P. putida. This is the first report that 
describes details of the crystallization 
method and properties of the crystalline 
creatinase from P. putida. A brief commu- 
nication of the purification procedure ap- 
peared as a preliminary note (9). : 

MATERIALS AND METHODS 

Strain used and culture conditions. P. putida var. 
naraensis C-83 was cultivated at 37°C aerobically in 
a medium containing 0.5% creatinine, 0.1% yeast 
extract, 0.025% malt extract, and 0.05% NH^Cl in 
0.1 m potassium phosphate buffer, pH 7.4 (1). After 
cultivation for 22 h, the cells were harvested by 
centrifugation and washed twice with 10 mM phos- 
phate buffer, pH 7.0. 

Enzyme activity assay. The activities of creatini- 
nase, creatinase, and sarcosine dehydrogenase were 
assayed as described previously (1), and one unit of 
each activity was defined as the enzyme quantity 
that decomposes 1 fxmol of substrate per minute 
under the assay conditions. Specific activity was 
expressed as units per milligram of protein. 

Preparation of sarcosine-HM-Sepharose* HM- 



2 Abbreviations used: HM, hexamechylendi- 
arnine; NTB, nitrotetrazolium blue; ORD, optical 
rotatory dispersion; PCMB, p-chloromercuriben- 
zoate; PMS, phenazine methosulfate; SDS, sodium 
dodecyl sulfate; BPB, bromphenol blue. 
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Sepharose was prepared from CNBr-activated Seph- 
arose 4B and hexamethylenediamine according to 
the method of Cuatrecasas (10). This was coupled 
with sarcosine in the presence of l-ethyi-3-(3-di- 
methylaminopropyDcarbodiimide as follows. HM- 
Sepharose (50 ml as packed gel) was suspended in an 
equal volume of water containing 2 mmol of sarco- 
sine and 10 mmol of the water-soluble carbodiimide 
was added to the suspension. The reaction mixture 
was gently stirred at room temperature for 20 h, 
during which the pH was maintained to 4.75 with 2 
n HC1. The resulting sarcosine-HM-Sepharose was 
washed successively with water, 0.1m NaHC0 3 , and 
water. The preparation was found to contain about 
20 /imol of sarcosine per gram of dried gel as judged 
by amino acid analysis of the acid hydroiysate. 3 

Disc electrophoresis. This was carried out by the 
use of apH 8.4 gel according to the method of Davis 
(11). Enzyme preparation (20-50 p.g in 10 pd) was 
loaded on a gel and a current of 2 mA per tube was 
supplied for 1.5 h in the cold. Protein was stained 
with 1% Amidoschwarz. Specific staining of the cre- 
atinase fraction in the gel was carried out by cou- 
pling the creatinase reaction with the sarcosine de- 
hydrogenase system as follows. The gels were 
soaked, after electrophoresis, in 10 ml of 50 m 
phosphate buffer, pH 8.0, containing 0.1 m creatine, 
50 fxg of phenazine methosulfate (PMS), 50 /xg of 
nitrotetrazolium blue (NTB), and 10 units of sarco- 
sine dehydrogenase at 37°C for 1 h in the dark. This 
treatment had led to the formation of diformazan 
(reduced nitrotetrazolium blue), whose blue color 
showed the position of creatinase. 

SDS-polyacrylamide gel electrophoresis. The 
method of Weber and Osborn (12) was adopted with 
a slight modification. The lyophilized enzyme (200 
fig) was dissolved in 0.5 ml of 10 mM phosphate 
buffer, pH 7.0, containing 25% glycerol, 1% SDS, 
and 0.01% BPB with or without 0.5% 2-mercaptoeth- 
anol. After incubation at 37°C overnight, 100- /il ali- 
quots of the sample and marker proteins were each 
subjected to electrophoresis on 10% polyacrylamide 
gels at a constant current of 8 mA per gel for 3 h with 
a positive electrode in the lower chamber filled with 
0.1 m phosphate buffer containing 0.1% SDS. The 
gels were stained with 0.25% Coomassie brilliant 
blue R-250 and destained by washing with a mixture 
of acetic acid -methanol -water (35:105:315) for 1 
day. The molecular weight of the sample was esti- 
mated by comparison with parallel runs of the stan- 
dard marker proteins, aldolase, and phosphorylase a 
from rabbit muscle and beef liver catalase. 

Isoelectric focusing experiment. This was done by 
the method of Vesterberg and Svensson as given in 
Matsuo and Horio (13) with an LKB apparatus 
(Sweden). Five milliliters of the enzyme solution 



n Most of sarcosine was converted to glycine dur- 
ing acid hydrolysis. 



was dialyzed against 0.2% carrier ampholyte (pH 4- 
6) for 20 h, applied to a column (110 ml in volume) 
with a sucrose density gradient "and then subjected" 
to isoelectric focusing with a current of 3 mA for 45 h 
at 4°C. 

Ultracentrifugal analysis. The enzyme was di- 
alyzed against 50 mM acetate buffer, pH 5.8, con- 
taining 0.1 m NaCl at 4°C for 40 h. The dialyzed 
enzyme solution and the outer solution were used for 
the ultracentrifugal experiments which were per- 
formed at 20°C by using a Beckman Model E Ultra- 
centrifuge equipped with Schlieren and interference 
optics. 

Optical rotatory dispersion. This was measured 
using a JASCO ORD recorder Model UV-5. A quartz 
cell of 20-mm optical path with a 0.5 to 1.0% protein 
sample was used for the measurements over the 
range from visible to the near-ultraviolet region 
(300-600 nm). A value of 113.3 was used as the mean 
residue molecular weight, M 0 , which was calculated 
from the amino acid composition. The values of a Q 
and 6 0 were calculated by the method of Urnes and 
Doty (14) and the or-helix content of the enzyme was 
estimated from the b 0 value assuming that a poly- 
peptide composed completely of a-helix structure 
gave a b 0 value of -630. 

Amino acid composition. Amino acid composition 
of the enzyme was determined by the method of 
Spackman et al. (15) with a Nippon Denshi JLC- 
6AH automatic amino acid analyzer. Contents of 
half-cystine and tryptophan were determined by the 
methods of Moore (16) and Goodwin and Morton 
(17), respectively. 

The sugar content of the enzyme was measured 
by the phenol-sulfuric acid method (18). 

Chemicals used. Aldolase and phosphorylase A 
from rabbit muscle and beef liver catalase were 
purchased from Boehringer-Mannheim, Germany. 
Creatine, creatinine, sarcosine, dithiothreitol, 
PCMB, and sodium tetrathionate were from Naka- 
rai Kagaku Co., Kyoto, Japan. PMS and NTB were 
products of Dojin Chemical Laboratories Co., Ku- 
mamoto, Japan, and l-ethyl~3-(3-dimethylamino- 
propyDcarbodiimide was prepared at the Peptide 
Center of Osaka University, Osaka, Japan. Sepha- 
rose 4B and Sephadex G-200 were supplied from 
Pharmacia Fine Chemicals, Sweden. 

RESULTS AND DISCUSSION 

Purification and Crystallization of Creati- 
nase from P. putida var. naraensis C-83 

All of the procedures were carried out at 
4°C. The washed cells, 100 g wet weight, 
were suspended in 500 ml of 50 xhm phos- 
phate buffer, pH 7.0, mixed with an equal 
volume of glass beads and disrupted by a 
Vibrpgen Cell Mill (Edmund Buhler, Ger- 
many) for 10 min. The suspension of the 
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disrupted cells was centrifuged at 10,000 
rpm for 20 min, and ammonium sulfcte 
was added to the cell-free supernatant- to 
give a final concentration of 0.8 satura- 
tion. After 3 h, the resulting precipitate 
was collected by centrifugation, dissolved 
in 50 him phosphate buffer, pH 7.2, and 
then dialyzed against the same buffer for 2 
days. The dialysate was divided into five 
portions and each of them was applied to a 
column (3 x 20 cm) of sarcosine-HM- 
Sepharose which had previously been 
equilibrated with 50 mM phosphate buffer, 
pH 7.2, and the enzymes adsorbed were 
eluted with a linear gradient system of 
NaCl concentration. The reservoir and the 
mixing chamber contained 1 liter each of 
50 mM phosphate buffer, pH 7.2, with and 
without 1 m NaCl. A typical chromato- 
gram is illustrated in Fig. 1. The three 
enzymes related to creatinine metabolism 
were all adsorbed onto the column and 
creatinase was eluted with the buffer con- 
taining 70 mM NaCl, whereas sarcosine 
dehydrogenase and creatininase were re- 
covered at 0.4 and 0.6 m NaCl concentra- 
tions, respectively. Creatinase fractions 




fractton nustber [10 ml/tube) 

Frc 1. Chromatogram of creatininase, creati- 
nase, and sarcosine dehydrogenase on sarcosine- 
HM-Sepharose column. See the text for the experi- 
mental details. Sarcosine D.H., sarcosine dehydro- 
genase. 



from five separate columns were com- 
bined, and ammonium sulfate was added 
to the enzyme solution to give 0.8 satura- 
tion. The precipitate was collected by cen- 
trifugation, dialyzed against 50 mM phos- 
phate buffer, pH 7.2, and rechromato- 
graphed as above. The creatinase was 
again salted out with ammonium sulfate, 
dialyzed as above, and then subjected to 
gel filtration on a column (3 x 120 cm) of 
Sephadex G-200 equilibrated with the 
buffer used above. An almost symmetric 
protein peak with a constant specific activ- 
ity was obtained. Creatinase fractions 
were combined and concentrated by using 
a collodion bag (MS Instrument Co., 
Osaka, Japan) and the concentrate 
(^280 nm = 29) was dialyzed against 50 mM 
phosphate buffer, pH 7.2, for 1 week, dur- 
ing which a saturated solution of ammo- 
nium sulfate was added dropwise to a final 
concentration of 0.25 saturation. After the 
enzyme soution remained in a refrigera- 
tor for 2 to 5 additional days, the crystal- 
line creatinase appeared in a yield of about 
6% of the original total activity. Figure 2 
shows a microphotograph of crystalline 
creatinase. The specific activity was in- 
creased more than 60-fold by this purifica- 
tion procedure. A summary of the enzyme 
purification is shown in Table I. 

Figure 3 shows disc electrophoretic pro- 
files of the purified creatinase. A single 
protein band was observed, which also 
showed creatinase activity as checked by 
the enzyme staining method described un- 
der Materials and Methods. A symmetri- 
cal Schlieren pattern was observed 
throughout the ultracentrifugal sedimen- 
tation run of the purified enzyme (Fig. 4). 
Neither creatininase nor sarcosine dehy- 
drogenase activities were detected in the 
purified creatinase preparation. 

Enzymatic Propei*ties 

The enzyme was most active at pH 8 and 
stable between pH values of 6 and 8. Opti- 
mal temperature was at 30°C during 30 
min of reaction, and half of the original 
activity remained after incubation at 45°C 
and pH 7.4 for 30 min. TheK ttl and fe cat {VI 
E {) ) values of the creatinase for creatine 
were determined to be 1.33 mM and 0.246 
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Fig. 2. Micrograph of crystalline creatinase. 



TABLE I 

Purification of Creatinase from P. putida 



Fraction 


Volume 
(ml) 


Protein 
concen- 
tration 
(rng/ml)" 


Total 
protein 
(g) 


Activity 
(units/ml) 


Total 
activity 


Specific 
activity 


Recovery 
(%) 


Culture broth 


25,000* 






0.019 


475 




100 


Cell-free extract 


1,500 


100.0 


150.0 


0.200 


300 


0.002 


63 


Salting out and dialysis 


430 


97.0 


41.0 


0.388 


166.8 


0.004 


35 


Elution from sarcosine- 


1,200 


0.45 


0.54 


0.045 


54.0 


0.100 


11.4 


HM-Sepharose 
















Salting out and dialysis 


20 


18.40 


0.368 


1.930 


38.6 


0.105 


8.1 


Gel filtration on Sepha- 


85 


3.62 


0.308 


0.420 


35.7 


0.116 


7.5 


dex G-2O0 
















Crystalline enzyme 






0.222 




28.5 


0.128 


6.0 



n Estimated spectrophotometrically assuming that Ai* n at 280 nm for protein is 11.1. 
6 Contained about 300 g ceils wet weight. 




■t 



Fig. 3. Disc gel electrophoretic patterns of purified creatinase. (Al Stained with 1% Ami- 
doschwarz; (B) detected by the enzyme staining method. 
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Fig. 4. Sedimentation pattern of purified creatinase. Ultracentrifugal sedimentation run 
was operated at 60,000 rpm at 20°C with 0.416% enzyme solution in 50 mM acetate buffer 
containing 0.1 m NaCl, pH 5.8. The photograph was taken 43 min after reaching full speed. Bar 
angle was 70°. 



s' 1 , respectively, from Lineweaver-Burk 
plots. 

The effects of some chemicals and metal 
salts on the activity are shown in Table II. 
The enzyme was completely inhibited by 
incubation with 0.5 mM PCMB and 1 mM 
Hg 2+ , Cu 2+ , or Zn 2+ at pH 7.2 for 30 min. 

Physicochemical Properties and Subunit 
Structure 

The enzyme showed a maximum absorp- 
tion at 278 nm and a value of 11.1 was 
obtained as A\^ m at 280 nm from the 
measurements of absorbance and dry 
weight of the purified enzyme. 

The molecular weight of the enzyme 
was estimated by the meniscus depletion 
method of Yphantis (19). Logarithmic 



plots of fringe displacement, In f, versus 
the square of radial distance, r 2 , were al- 
most linear (Fig. 5), indicating the homo- 
geneity of the purified enzyme. The mo- 
lecular weight of the creatinase was esti- 
mated to be 94,000 ± 2000, assuming that 
the partial specific volume is 0.73 (cm : Vg), 
which was calculated from the amino acid 
composition. 

Determination of the isoelectric point 
by the isoelectric focusing method gave a 
value .of 4.7 ± 0.05 (Fig. 6). ORD parame- 
ters, a 0 and b 0t of the purified creatinase 
were estimated to be -70 and -98, re- 
spectively, suggesting that the a-helix 
content is less than 20%. The sedimenta- 
tion coefficient, S 2 u,w> of the enzyme was 
calculated to be 6.3. The sugar content of 
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the enzyme was lower than 0.14% when 
calibrated as glucose. 
The purified enzyme was subjected to 



TABLE n 

Effects of Various Reagents upon Creatinase 
Activity 0 


Chemicals 


Concentration 


Inhibition 




(mM) 


(%) 


DFP 


1 


30 


EDTA 


2 


10 


NBS 


1 


30 


PCMB 


0.5 


100 


HgCl 2 


1 


100 


ZnCl 2 


1 


100 


CuS0 4 


1 


100 


CoCL 


1 


71 


MgSCV7H 2 0 


1 


31 


CaCi 3 


1 


32 


Pb acetate 


1 


15 


FeCl 2 


1 


15 



rt The enzyme was incubated with the reagents 
shown above for 30 min at pH 7.2. The remaining 
activities were assayed by the standard method 
after 20- fold dilution with 50 mM phosphate buffer, 
pH 8. DFP, diisopropylfluorophosphate; EDTA, eth- 
ylenediaminetetraacetate-2 sodium salt; NBS, N- 
bromosuccinimide. 




Fig. 5. Sedimentation equilibrium of creatinase 
by the meniscus depletion method. The experiment 
was performed at 14,000 rpm with a 12-mrn double 
sector cell containing 0.038% protein solution in 50 
mM acetate buffer-0.1 m NaCl, pH 5.3. r, radial 
distance; f t fringe displacement. 




30 40 
' ( 60 drop 1/ tube) 

Fig. 6. Isoelectric focusing pattern of purified 
creatinase. About 4 mg of the enzyme was applied. 
See the text for the experimental details. 

SDS-polyacrylamide gel electrophoresis 
before and after treatment with 2-mer- 
captoethanol and a value of 47,000 was 
obtained as the molecular weight of the 
enzyme, irrespective of the mercaptoetha- 
nol treatment. From the comparison with 
the value (94,000) estimated by ultracen- 
trifugal method, 4 it is likely that the cre- 
atinase is made up of two subunit mono- 
mers noncovalently associated with each 
other. 

Amino Acid Composition and Titration of 
Sulfhydryl Group 

In Table III, the amino acid composi- 
tion of the creatinase is presented. The 
number of amino acid residues was calcu- 
lated assuming that the molecular weight 
of the monomer is 47,000. The enzyme 
subunit was found to be composed of 385 
residues of amino acids. 

As shown in Table II, the enzyme was 
completely inhibited by incubation with 
0.5 mM PCMB. Titration of the creatinase 
by PCMB following the method of Boyer 
(20) is shown in Fig. 7. Creatinase activ- 
ity was completely lost at the inflection 
point that corresponds to about one 
sulfhydryl group per mole of subunit. 

4 Estimation of molecular weight by the gel fil- 
tration method of Andrews (21) yielded a value of 
about 110,000. 
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Treatment of the enzyme with sodium tet- 
rathionate also resulted in loss of activ- 
ity, and subsequent treatment with a 
twofold molar excess of dithiothreitol 

TABLE III 
Amino Acid Composition of Creatinase 





Found 


Integral 


Lysine" 


12.8 


13 


rilSblulIlc 


11, u 


ii 


Arginine 6 


23.5 


24 


Aspartic acid 6 


45.3 


45 


Threonine* 


13.6 


14 


Serine* 


11.1 


11 


Glutamic acid b 


51.1 


51 


Proline* 


15.7 


16 


Glycine 6 


26.5 


27 


Alanine 6 


37.0 


37 


. Half cystine rt 


1,7 


2 


Valine e 


30.3 


30 


Methionine* 


11.7 


12 


Isoleucine" 


29.0 


29 


Leucine 6 


27.8 


28 


Tyrosine 6 


18.2 


18 


Phen3'lalanine 6 


12.0 


12 


Tryptophan'' 


5.2 


5 



a The molecular weight of the subunit was as- 
sumed to be 47,000. 

* Average value of 24-, 48-, and 72-h hydrolysates. 

e Value extrapolated to zero hydrolysis time. 

d From the data of performic acid-oxidized prepa- 
ration. 

e Maximum value was adopted. 

1 Spectrophoto metrically determined. 




0.05 0.10 0.15 

PCWJ idded ( jmoles/ react (on mixture ) 



Fig. 7. Titration of free SH group in creatinase 
with PCMB. The re action mixtures consisted of 
0.0329 //.mol of enzyme and varied concentrations of 
PCMB in 3 ml of 10 nw Tris-HCl buffer, pH 7.2. 
After incubation for 30 min at room temperature, 
the increase in absorbance at 250 nm was measured 
against the same concentration of PCMB. 




0 5 10 

Concentration of sodium tetratntonate (ntt) 



Fig. 8. Inactivation and reactivation of creati- 
nase by treatments with sodium tetrathionate and 
with dithiothreitol. The reaction mixtures contained 
60 fxg of enzyme and varied concentrations of sodium 
tetrathionate in 1 ml of 50 mM Tris-HCl buffer, pH 
7.2, and were incubated at room temperature. The 
remaining activities were assayed 30 min after incu- 
bation. The arrow indicates the restoration of the 
enzyme activity by treatment with a twofold molar 
excess of dithiothreitol. Since dithiothreitol was 
found to inhibit the color development by the a- 
naphthol-diacetyl method (1) used for creatinase as- 
say, the activity was determined after removal of 
dithiothreitol by dialysis. 

brought about an almost complete resto- 
ration of the creatinase activity (Fig. 8). 
These results suggest that sulfhydryl 
group plays an important role for the cre- 
atinase action. 

The present results lead to the conclu- 
sion that the creatinase from P. putida is 
made up of two subunit monomers which 
have molecular weights of 47,000, and 
that one sulfhydryl group per subunit 
seems to be closely related to the enzyme 
action. 
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CEEAIWE AMIDIOIYBEOLA 




from Pseudomonas sp. 



Creatine amidinohydrola.se (EC 3.5.3. 3) 11 

HaNv 9 + 

>C— N— CH2COO- — > H2N — C— NH2 + H2N — CH2COO- 

CHa CH3 



H 2 N / 



Creatine 



Urea 



Sarcosine 



B PREPARATION and SPECIFICATION 



Appearance 
Activity 

Contaminant 

Stability 
Stabilizers 

3 PROPERTIES 2 ' 3 ' 

Molecular weight 
Isoelectric point 
Michael Is constant 
Structure 
Inhibitors 
Optimum pH 
Optimum temperature 
pH Stability 
Thermal stability 
Effect of various metals 



White amorphous powder, lyophilized 
Grade II 6.0 U/mg-solid or more 

(containing approx. 40% of stabilizers) 
NADH oxidase £ 5.0 x 10~ 2 % 
Catalase < 2.0% 

Stable at -20°C for at least 6 months 
Sucrose, EDTA, 2-mercaptoethanol, dithiothreitol 



approx, 94.000 2 * 

4.70 ± 0.05 2) 

2.9 x 10" 2 M (Creatine) 

2 subunits per mol of enzyme 2 ) 

CH3ICOOH, Cu ++ , Hg ++ , Ag +2) 

7.5 

37°C 

pH7.5-8.0(5°C, 16 hr) 
below 37°C (pH 7.5,30min.) 



(Fig. 1) 



(Fig. 2) 
(Fig. 3) 
(Fig. 4) 
(Fig. 5) 



(Table 1) 



3 APPLICATIONS 

The enzyme is useful for enzymatic determination of creatine and creatinine by coupling with sarcosine 
dehydrogenase (or sarcosine oxidase) and formaldehyde dehydrogenase in clinical analysis. 4 * 
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B ASSAY - - ' - 

Principle: 

Creatine + H 2 Q cr ^!l ne ^'dinoh Y drola SB ^^slne + Urea ' 

Urea + 2 (CH 3 h M-\J- CHO : f>[(CH 3 h N-^- C=N] 2 CO + 2H 2 0 

The appearance of yellow dye formed by condensation of urea and p-dimethylaminobenzaldehyde (DAB) (Ehrlich 
reaction) is measured at 435nm by spectrophotometry. 

Unit definition: 

One unit causes the formation of one micromole of yellow dye per minute under the conditions described below. 
Method: 
Reagents 

A. Creatine solution : 0.1 M [1.499 creatine (Merck]/100ml of 50 mM phosphate buffer, pH7.5] (Prepare 

freshly) 

B. DAB solution : Dissolve 2.0 g of DAB in 100 ml of dimethylsulfoxide and, to this solution, add 15 ml of 

cone. HCI solution. 

C. Enzyme diluent : 50 mM phosphate buffer, pH 7.5 



2. 

3. 
'4. 
5. 



Concentration in assay mixture 


Phosphate buffer 
Creatine 


50 mM 
90 mM 



Procedure 

1. Pipette 0.9 ml of the substrate solution (A) into. a test tube and equili- 
brate at 37°C for about 5 minutes. 
Add 0.1 ml of the enzyme solution* and mix. 

After exactly 10 minutes at 37°C, add 2.0 ml of DAB solution (B) to stop the reaction. 
Incubate at 25°C for 20 minutes. 

Measure the optical density at 435 nm against water (OD test). 

At the same time, prepare the blank by first mixing the substrate solution with 2.0 ml of DAB solution after 
10 min-incubation at 37°C, followed by addition of the enzyme solution, and carry out the same procedure 
as test (procedure 4 and 5) (OD blank). 



* Dissolve the enzyme preparation in ice-cold enzyme diluent (C) and dilute to 2. 0-3.0 U/ml with the same buf- 
ber, immediately before assay. 

Calculation 

Activity can be calculated by using the following formula: 

AOD (OD test - OD blank) x Vt x df 



Volume activity (U/ml) = 



Weight activity (U/mg) 

Vt 
Vs 

0.321 
1.0 
t 

df 
C 



0.321 x 1 .0 x t x Vs 
AOD x 9.35 x df 
(U/ml) x 1/C 



Total volume (3.0 ml) 
Sample volume (0.1 ml) 

Millimolar extinction coefficient of yellow dye (cm 2 /micromole) 
Light path length (cm) 
Reaction time (10 minutes) 
Dilution factor 

Enzyme concentration in dissolution (c mg/ml) 



E REFERENCES 
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4) D. Tsuru; Rinsho Kensa,22, 1331 (1978). . 
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Table 1 . Effect of Various Metals [The enzyme dissolved in 50mM phosphate buffer, pH 7.5 was incubated 
at 25° C for 30 minutes with various metals (final concn : 0.2 mM)] 



Metals 


Residual activity 


1VIC LO 13 


Residual ar>tii/it\/ 


None 


100 % 




OU.O 70 


FeS04 




IN 1^12 


i. 3 


HgCIa 


0 


C0S04 


39.9 


ZnAc2 


5.3 


BaCIa 


94.7 


CuAca 


0 . 


PbAca 


■ 83.8 


CaAca 


61.8 


AgNOa " 


0 


MnCIa 


94.7 


CdCIa 


9.2 ■ 



Ac: CHaCOO- 




0 2 4 6 8 ID 12 

Period (month) 

Fig. 1. Stability (Powder form) 
[kept under dryness] 




0 6 7 8 9. 



pH 

Fig. 2. pH-Activity 
'37^0, lOmin-reaotion in 50mM 
buffer solution: pH 5.5, acetate; . 
pH6. 0-8.0, phosphate; pH8.5- 9.0 . 
carbonate 




Temperature "0 



Fig. 3. Temperature activity 
pOmin- reaction in 50mM] 
[phosphate buffer, pH7.4 J 



100 


■shin- 




50 


















0 




7 8 9 

PH 



. Fig. 4. pH-Stability 

'5*0 16 hr-treatment with 50 mM' 
buffer solution: pH 5.5, 
acetate; pH6. 0-8.0, phosphate; 

k pH 8.5- 9.0, carbonate. 




Temperature *C 

Fig. 5. Thermal stability 
30min-treatment with 
50mM phosphate buffer, pH7.4 
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•StSSBS-iS (Japanese) 



Creatine + H 2 0°~ tlne »Sarcosine -hUrea 
Urea +2 (CH a ) ft N-^^- CHO— * «CH a ) a N- 
-C=.N] 8 CO-f-2H a O 

fcK(DAB)£C08S£- (EhritohaS?) £ric4& (ft 

&*2u(SLT%w*m%tez i *tt (u) tr«o 

A. 0.1M?U7^V>8>$ C 1- 499CO<7 { 
Merck M&50mMU VEMffiftE pH 7.5 IC>8 
JSU 100m«fr*)(ffll»H«) 

B. DABgftfe (2. 0g<7}P~ V * ^JUTP * y V 
^•y'fcKft 1 OOntfCD y'^ fJ^;^ i/ KtC>$ 

iftiKWja.pHy.s-ffTSiwb. 4>3»ria*r 

(=HiH«5«-?2-0-^3.0U/m«lc*1Wr 



4. ¥IB 

1. ^@tC«H>SSfiE(A)0.9me$^;,37*Cr^ 

3. 37^3rjE*(C10»IHJSfl5*-ttfc«,PAB»» 
(B) 2 . 0m2 £ AD X X JKJfc fcteifc. 3 -t* -S o 

4. 2SX5T20^Pfl*iBa,435nm(C43l«I«*JS« 
Wafer* (ODtest) 0 

s. mmt^mmm (a> 0.9^ *37rTM<«Mra* 

Ha t DAB»»(B)2-Ontf*injLT5R!fPU, & 
(ODblank) 0 



Ctoyobo) 



5. 



u/me= 



AOD(ODtest-ODblank) X3.0 (ml) XftfRfeSt 



0.321 XI. OX 10{&) X0.1 (ml) 
■» AOD X 9 - 35 X 3& w&sa 
U/mg=U/ntf X1/C 

0.321 : Hfe&SRCO $ y ^u^BBJWKa 
(cnf/mioromole) 

1.0 : 3teSftS(cro) 
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(21 Application number : 09-021 382 (71 Applicant : TOYOBO CO LTD 

(22)Date of filing: 04.02.1997 (72)Inventor : TODAATSUSHI 

NISHIYA YOSHIAKI 
KAWAMURA YO SHI HIS A 



(54) NEW CREATINE AMIDINOHYDROLASE 

(57)Abstract 

PROBLEM TO BE SOLVED: To obtain the subject new 
enzyme, comprising a creatine amidinohydrolase capable 
of decomposing creatine into sarcosine and urea in the 
presence of water, available in a large amount in high 

purity according to a genetic engineering technique and T^'SyS:M^':Z % i • t ."• 2- '2 2- v 'l ':Mf ; -T 
useful for determination, etc. of creatine and creatinine, 

SOLUTION: This creatine amidinohydrolase has actions ; i ^ ■'-■■')'■' 
on creatine in the presence of water and production of -y f» 

sarcosine and urea, about 7.0-8.5 optimum pH, is stable .V:-*'":'-'??- 
- at about <40° C (by treatment at pH7.5 for 30m in) and ; tf ^ : • 

has the pH stability of about 5.0-9.0 (by treatment at ; ' ^ 

25° C for 1 6hr) t about 46mM value of Km for the 

creatine and a molecular weight of about 50,000 i^M^^$S^M 

[measured by a sodium dodecyl sulfate-polyacrylamide aaS; : ';■= ■ ."\M: 

gel electrophoresis (SDS-PAGE)], 47,146 (a calculated ^^^W^¥ u ^^\> - : ™ : 

value from the amino acid composition; and about 78,000 ';•;;;:/::;. v-;v;;>' v .y;: : : v 

(measured by a gel filtration) and further about 4.3 \iA : \^/:222\'];]2^ : ;:2i 

isoelectric point and is represented by the formula. The ; 

creatine amidinohydrolase is used for the determination, 

etc., of the creatine and creatinine. The enzyme is obtained by expressing a gene cloned from a 
chromosomal DNA of Arthrobacter sp. TE1 826. 
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Claim 1 (page 2, left column, lines 2-15) 

Claim 1. A novel creatine amidinohydrolase having the following 
physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosine 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 

page 3, left column, lines 2-12 
[0005] 

[means of solving the problem] The present inventors have investigated 
variously in an attempt to solve the above object, and selected 
Arthrobacter sp. TE1826 (FERM P-10637) as a creatine 
amidinohydrolase-producing bacterial strain, and isolated a novel 
creatine amidinohydrolase from said bacterial strain. Additionally, 
the present inventors have isolated a recombinant creatine 
amidinohydrolase expressed from a gene encoding a creatine 
amidinohydorlase by successively separating said gene from chromosomal 
DNA extructed from said bacterial strain. 

page 3, left column, lines 17-30 

[0006] Accordingly, the present invention relates to a novel creatine 
amidinohydrolase having the following physicochemical properties: 
Action: acting on creatine in the presence of water to produce sarcosine 



and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 1-6 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 

page 5, right column, lines 25-38 

[0030] The creatine amidinohydrolase of the present invention has the 
following physicochemical properties: 

Action: acting on creatine in the presence of water to produce sarcosine 
and urea 

Optimal temperature: about 40°C 
Optimal pH: about 7.0-8.5 

Heat stability: about 40°C or below (treated at pH 7.5 for 30 min) 
pH stability: about 5.0-9.0 (treated at 25°C for 16 hr) 
Km value for creatine: about 46 mM 
Molecular weight: about 50,000 (SDS-PAGE) 

47,146 (calculated from amino acid composition) 

about 78,000 (gel filtration) 
Isoelectric point: about 4.3 
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(51)IntCL° HBQIB^ 
C12N 15/09 ZNA 
C0 7H 21/04 
C 1 2 N 1/21 
9/80 

// (C 1 2 N 15/09 ZNA 

*£S»$ »#E©»10 OL (£13 H) S»HK8< 



(21)ffig#^ 


fcWF9 -21382 


(7DIHIHA 


000003160 












*6£9*F(1997)2fl4B 




*Kfl?±ffcTMfcK#S,£ft 2 TB 2#8^ 






(72)£9I# 


Fffl ]55Si 






















<72)«9I# 










S#»«H*#aWlO«24^ 














(72)38W# 










JI#JR»flrtrjl8WlO#24# 











(54) HSW©***] ««&5'V'75 l >T55?ytFa5— 



F I 

C12N 15/00 ZNA A 

C0 7H 21/04 B 
C12N 1/21 / 

9/80 A 



(57) [«»] ms.m 

IIH*#RJ 36MUH&4 0'C. SjSpH*«j7. 0- 
9. 0-C*0> Kmffl#*>j4 6mM-CNfcS7-;* 

t*. &tftCi#B1t8&#41g§iU *U7*>75^ 
tK0 7-¥4^3#. UtS*8Br*-«H&&. 



3:s 



I;! 



ii 



§;-E 



(2) 



?>75^b pa^-y. 

StSK:ft4 0'C 

MSpH :#J7. 0~8. 5 

«BS@t:ft4 0iCJHT (pH7. 5, 3 0^n««) 

pH££tt:#J5. 0~9. 0 (25'C. 1 8mm 

9) 

2 U 7 ?• >(C*tr * K mffl : $) 4 6 m M 
#*fi:ift50, 000 (SDS-PAGE) 
4 7. 14 6(75 sWllBtifrb*X>1tMmU) 

$7 8, ooo (fMMSjS) 

mm&:fo4. 3 



10 



[n^M2] «T© (a) Xtt (b) ©*>rCi/ffc . 

( a ) &pm<D$&mn 1 ccta®$nsr s yffi&j* 

(b) TS^MEW (a) {C*«r»T. lfcL<«jt$[© 20 

•[IH*«3] iB?Jit©IE?"J#-sf lteiatSSfi^s.' 
HBWtwraiwaB 1 tats©* U7 ?>7 5 ^ j t p 

[IW»I4 ] tTF© (a ) Xtt (b ) ©*»<**? 

*-SfU7^>75i/yt y%3- FfSae 

( a ) Ettftorau&f'i Kfaa^nsT 5 y®ia?ij#> 30 

(b) 75-/Iffla»J (a) fc*«,>T. lfct<ttt«B© 
7 5 sMtfKk> ffikb b < «WftlS *ifc7 5 ^HH^I 
frhtS.*)> fro, *U7*>7 5 5^b tffiHt 

[M*a5 ] GMScDgEMM 1 Kiat8$^S7 5 J 
$I2?IJfr6ftS *>/<2Src*4 V U7^>7 5 V J b 

[fflWOie ] «T© ( o ) . ( d ) Sfctt ( e ) ©D 

NA*»6&Si'U7^>7 5 2/Vb Fn^— e*3- F 40 

( c ) unmowm^2 (cc«dti2mii9d^6 d 

NA 

( d > iia ( c ) ©ttra&Kcfeo? . it o< bihr 

©ig«fr#JE ^£fc«g&<*ft-Cfc«). fro. *U 
7*>7SiVb Fo5— «fStt**«r S^IBWI 
*3-KU"Cl»SDNA 

(e) ±ia (c) ©tt«BW*6«:*DNA4^ h >;> 
^x^htt^frTfW^'Jf ^^L. fro, 2U7? 
>7Sy/t F07- IfffittfeWTS* W^fffcn- 50 



fSHW 10-257890 
2 

FT4IWte*©DNA 

[»#I7] Iftttf4. 5*fc«6ial8©i'U7^> 
C 8 ] M*g| 7 IBttOiEjM.'* * - nt^WBl 

U79 1 >72^>'fc: F07--bf44fiS3# > S^UT* 

U7?>7 2y>b FB7- bf©$£g&„ 
CiMOHlO] 7-*cm**- • x^b-(Arthrob 
acter sp.)TE 1 8 2 6 (FERM P- 1 06 37) 

*, *^ur^>r s yytFo5—tf*aaw*ci 
U7^>7 5yyb Fa^-tfoattt 

[000 1 ] 

[»9!©irr«B9IWWJ U7*>*sJ:ff* 

U7 * - >©5£»CJBl C <!: ©T 1 £ 2 U 7 ^ >7 5 

H^Sa- F"r*«efMttJ:tfJfieH*(fittfBK:J:ft 
^B^©l3jSa(c|WTS. 
[0 002] 

— b* (EC 3.5.3.3) tt. HliatJ(CflSRflL »gl.*©^»f 

©JSWift-s-n,******©* U7?>fcJ:iy : ^ U7^ 
->©iffj«ffl»^ibr. ffHOIRR. MAii^b7^r. 
>75 Fb FB7-S, If^nv'^^+^^-^'fcJ:^ 

syytKo^-tB. 7k©??ffiT{cf x/T+ywm 

[0003] C©«fc^^Ci'U-75 1 >75^>'b FD7- 
•^(*, ^cj.-F*7^X)S (Journalof Biochemistry, Vo 
1.79, 1381-1383 (1976) ) 

H86i-i7465) %<DMm*£.&t h c t am h nn ^ . 

C*i6£W©«MiLrB, 79jKM^f-y> 

gflBS51-11884^^) . TWJW^M, ^-5/y5 

S(cjfi|ffti> 0 
[0 004] 

•CK4ai/Tl>ft«r»frHf»IWI*»6. f9Sfti'U75 : -> 

f-t * jae** * o > y i . jae^i^WK:iS»m 



(3) 



p7-Hz£gw&:fr&£g£ffiirc<b teas. 



[0005] 

immmm- *%mmh\t> ±iaa« 

f-(Arthrobacter sp.)TE 1 8 26 (FERM P- 
10 6 3 7) £i8t>\ Wl«*6if«tti' b7^>7 5 



10 



j:9ftit«wiiR*e*K»jiirr*«fiWtt<. 

C £ % ■STIIHC lift, . 



CO 0 0 6 3 f *^ttTO9fc¥ttttK*# 

t*fr&&*b73 1 >7Sy.'b FB5~tfC**. 

SifiS : ifo4 0 'C 
SIpH : #J7. 0-8. 5 
H$gtt:mOTOT(pH7. 5. 3 0#IMI) 
pH3cSEtt:«5. 0-9. 0 (25"C. 1 6B#R8*!$ 
S) 

*U7*>fdl5fT-5Kmfii: i&4 6mM 
fl^S:ft50. 00 0 (SDS-PAGE) 

47. 146(75 smwnt>t>>mtcnnm) 
m 8. ooo (y^M) 

9«& : fo4- 3 



20 



30 



[0007] Sfc. JWWittfilT© (a) XB (b) © 

( a ) w&\mow&m^ i {ciei83ns7 5 -/sera* 

(b) 75 >>BUSN (a) Ktet,>tl «>L<K1KK©7 
5 m&b b < ttttfln3hfc7 5 -/SHEW* 

*>o. ^>7?>7 5^^t Fo5— 

[0008] *ftBgtX. £IT© ( a ) Xtt ( b ) ©Mil 40 
**>.r{£Rr*€>i'U7?>7 5yyb FO-7— fc?£ 
a- F* 

( a ) E8lii©£ftlft# 1 KfEiS3ttS7 5 -/HHWI* 

(b) 73>>«Bai (a) «C*H.»T, l6L<ttWR© 

[0 00 9 ] *fc. $2S8BWT© (c) . <d) *fc 
B (e) ©DNA*>6&-5f U7f->7Si^b Fd7 50 



10-257890 

4 

( c ) K£ffi3ti3tt£G8ife6& 

SDNA 

( d ) ±E ( c ) ©feSffiJiJCCfc i»r . 1 6 0 < !±Mfc 

©*»fi«ffliD. ^SfcBg^snrfcfj. ?u 

7?>7 5 t Fa 5~KiStt«frr57 2 ^K129>J 
*a-Ft/tl»*DNA 

(e) UB (c) ©tt3HBW*6&SDNA4*HJ> 
S>*>hfcfcfrTC'W:/!/#.fXU fro. *U7* 
>7 5 J? s t F a 5 —KHStt*** 4 * a - 

F"T6IM**©DNA 

[0010] ^WBJbK^UT^^TS^yfc Fp-5 
~tf*a- F**»^*fi#r 
4. 

[001 1 ] *fc. *^»JhBfflfcil<*-T:if£ll 
ia*^i£&OfcB1t3s&frC* 4. 
[0 0 1 2 ] 3 6fc. 2toRtt±ie0flMEft{tt8* 

0. i'U'75 L >75^>t Fo5— tf££jft3-tf. 

■rsfbr^rsi^t fb^—wombe-i?**. 

[0013] S/c. *^B7-XDA^3r- • 
-(Arthrobacter sp.)TE 1826 (FERM P - 1 
06 37) ^7U75 L >75^>'fc FO7- M 

££jS3tt. U7^>75^yb FO7- 
■fSC<t?:^Sii-rSi'U75 L >75^>'fc F05— 

©Mj££r&4„ 

[0 0 14] 

[89!©£fldBS] *SK©^U7f>73y/t Fa 
7— fe'tt. *U7?>73>Vb FB7- fe'£jSfft£ 

#RB7-*P-'^£- • X^f-CArthrobacter 
sp.)TE 1 826 (FERM P- 1 083 7)*>6A 
*Lf»*. b#>b&#6. JUT^TS^t FP7 
— tffca- F-*-*»£**ft«U tft<fc»)2&JPt3ft4 
^U7?>7 5y^t Fa5-««4Mtr«C£lcJ: 
0. *«W©*U79 l >7 3y>'t Fo9— 
fr^OWKA** -5 C 4 feT* 4. *»W©-«Bi 
®<h UTB. ( a ) E*lft©EPJ»* 1 {Ci2i83ft47 
3 yffflBWfrfcttS fctt (b) 7 5y®ESE 

n ( a ) tC*M,»r. 1 U < tt«*©7 5 ^BW«Wte. 

*l/7y>7Sy/t Fa-5~tff§te**tf5*»'*d; 

B. 3l*tttt»ttft»fc3tt5i:ii&:<. *S^B-e© 
^tt^S(#-r-5J;5K:u/cfe©^^i£?„ cne»©^sft 

[0015] *^©i'U7?->75y>'b FP7~fe' 
*3-F-r5jBt5?B, m«7-^a/i**-'i^ 
t- (Arthrobacter sp.)TE 1 8 26 (FERM P - 

1 0 637) *>f,JHltBLT^a<. *Wfc?WK^fiW 



5 

(PCR)CD3pJffltC<fcO . ?U7f>75^/'l:KD7-^ 
[0016] ±MSM£*t LTB. 0!lx.B. ( a ) mi 

mmmn i ccfatssnsT s mwmfrhu s * > 

FT* DN A. £fcB(b) 75y®ffi?U 
( a ) KfcHT. 1 *> U < B8KI©7 5 ■ 

£a-Ff 3DNA#s&5. DNA©^ gft. ttflfl 
©ggKontB, S*W&#ttWb3#5C<i:a 10 
<> A£W^©^£&#T*cfc5Kl,fc*>©£^ 

[0017] ttat. ( c ) mmvmmm tctEts 

S*l*&SiW=> D N A . ( d ) ( c ) ©iSSKJUfC 
te^T 1 4> L < BSStfflOJaS*^^ *&£fcBBfc;* 

*f S7 5 ^Kig?iJ4 a - F l/T D N A SfcB 
(e) (c) ©*«iB5lJ^6*-2)DNAtXh>;>iJx 
^rttftfrTtVW^yy-TXU *U7*>7 20 

•5ffl®fi*©DNA*5*$. CCt, *h'J>y*>K 
^fFi«x2SSC OOOmM NaCl, 30m 
M fx.>ffl , 65*0. 16B#WC*5. 
[0018] S^StLTB. MA 

B. 7-XP;^$- • x*b*-CArthrobacter sp.)T 
E 1 826 (FERM P - 1 0 6 3 7 ) ©SfefeftD N 

ffll^f DNA^Kl/fcfe©.!:. V-*-ts.5mr<>?Z 
-i£WDNA©¥^SJ£fcB^^i£fc:*i<,>TDN 30 
Ay#~ If&gfciflS^IISttTfflfcA***--* 

&is£»£«c*a ^ * *-©v- #- ^hk 

ffi$?U gttfl&*.'<*£--a : 'fc*l'7?'>7 5i^b F 

[ooi9]ae ; F«^»r*4r-^n^jrdi-«x 40 

^f-CArthrobacter sp.)TE 1 82 6 (FERM P 
- 1 0 6 3 7) ©SfefiftD NAB. UtitfftCB. feTF© 
J:5fcfiHRSfia. fa**, 1 

5^hFB7- « ae? set 

SCcjSGr^orT-H2^flk©P^5^ >J *iUH- F 
'J? a (sos ) 3?©Wffir£142iJtf#ffl3*i. 36(c$*£ 50 



# P§¥ 10-257890 
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[0 0 2 0] C©J;5KLT^h/c^tia>6DNA 
• «Uf4«:». ^SfcSEoT. 

#il-$K3*ifcDNA£$»ff S^ftB, ARB, ifi 

[002 1] -c^f-iLTB. mimmnnv^m 

(Cit5iU#S7r-^$/cB^7X5 r*ft>68£?4llft 
^4 0T^3nfc4>©*JjaL/r^5. 7r-yil/ 
TB> fflAB, xfx V t7 • ay- (Escherichia co 
li) fcSS'tSMif Stl^KlB. Lambda-qtlO . Lamb 
da-qtll Kt'ifimiVSZ. ttc^yZS. F£L>TB, 
WfcBxS'* y br • a y - (Escherichia coli) £?l 
£fi*4%if St&^KB, PBR322, pUC19, 
pBluescript . pLED-Ml (Journal of Fermentati 
on and Bioenzineerinq, Vol.76, 265-269 (1993))* £' 

^^TSiJ^bFa? — fefjie?- d 
n a ©stokm btc^mmm-cm tr^t* -iwt 

fltaaDNAKJti'^-DNAKttitlSdS 

•tis*liB. &*n©DNAy//— f*ffli»s^-cAn 

BB < . M Atf St*«5 D N A»fJt©«»*iS i^i'*- 
»rK"©S»^a4©T-- »J >d/©f£. jS^^cD NA y 
^— ^©ffifflfC J: O^tft^DN AWriti-4^ dr- DN A 

»;>-y©a. ?tiSS»c^ALr^<*p«i©DNAy^ 

[0022] m3®&mt L-TB. fflf^^f$-A5$ 

je. *^e»tfjB«jtg-c?i-*ttja&F©»K^-ct.5 

4>©-r*tiBfi< . — flfflWicBxt/x y b7 • a y-w3 
aio. y b r • a y -c6oo, y b 7 • a y 
-HBioi . xs/ * y b 7 • ay- m.09 i'^Srflat>S C 

[0 023 ] mi8»»KifflgSA^^ *-4^A-r-5# 
i££ LTB. W^BS£3[^*5x->x y b7 • a y - 
©iS^-KB, *;^>^A^aK:j:Sa>b-7 : ->F-fe;l'ffi 
•^x u i> F n# u-i 3 tftm^Z C ttf-C% S 

[0 0 2 4] C©«i:^{<:LTtf6nfc^g|£gSft-C*S 

U7?>7 5^>b F05— tf€r?cS(c4^Uf4. 13 
£$t£^©B f Z -©^ACWftftCoi »r 

CDSHRB. gWi-rSDNA^^T-S^^f-©^ 
»(4-7-3!7-i^U7^>72i/>'b Fd7-fe'ffit4 



(5) 



>7 5i» t Fo5— tf*4sW4«&»*Wi"rh« 

[0 02 5] ±^O^S5Cj:f3l#6nfci'Ur9 L >r 5 
y/t HO 5— «t£^©&*K?»JttiM:c>X (Scie 
nee, Vbl.214, 1205-1210 (1981)) fc$dM$1ntcV>-7* 
*i'&lC£ t )mnb. £fc*U7*>75^t Fa-5 
— fe'©7 5 ^IBmmSUc&SIB^J: «)«5£L;fc. 
C©.£3{Cl/"C— KiliRSJ'lfci' U7^>7 5i^>t: F 10 

feint) us*. «©«ft««:*A-r*c4*>s 

^•?>PCR(CJ:I3 ^U7f->75i/>'t Fa^—feffi 
Gi=-T?*SDNA?:iai|Xt>. tiUC^f^-SUfi*^;* 

[0028] ff*itS£&#r&5?&£»£!|&©ig*B$ 

n«<t<. as. *<©•£«*«**?*«#. i* 20 
WfcttjKUWf^*fT5©*^«r*4. Jgft©3?« 

ft£*rc**iBJ:<. mB^FX US 

3lfttt£©WH. WJ&D7 5VM. 
*«3BCiSCT«ffl3n4. j&mkbi&4 ! 8Wu * 

2 0^4 2 WHMBBfctf fC<fcoT£4> 

fttt*#. juT^s^t ho 5— tfjWBMjaa 

«fc<. anrB6^4 8«HBSfltC*6. gttpHBV* 
H"C. a£XKM9&#. tt«:ff±L<BpHe. 0-40 

9. oagr&s. 

[0027] igmi'PMi'Tryrzi'st hb5- 
**^t*imi*£mnhk**©**sbru *wb 

>7 5 y -/ 1 F a 7 — tf*««&»**«:#aET *tteB. 
MM. i'ic<fc 9. fl/r^rsyvt Fn 

4. *U7?>7S^b Fa-7— tfjWBWrtKffftT 
Stg£CC B. f#6ft 6 iS© $ feBfebftttft 



0-2 57 89 0 

sHIfciS CT E D T A3?©* U - FJMSCfi ttttftWfe 
ttflJ*ji&inO , C*U7*>73i/>>fc Fa?- fe'fcnj® 

[0 02 8] C©J:5KLr»6<afci»UT^>7?y 
ytpB7-b'^W%, MA.tfttBEitil. MM. 

ere**. *©a. «ntw^»y^««n«(£(cj:« 

H^77<-, 77y-7-^-i'avFd/57^-*ff 
^C<tK:«tf3. fflS!§nfc^U7^>7 5>'>'fc FU7 

[0029] W&B. Wyf> (Sephadex)C-25 

KteVy D-XCL-6B (^t^?^ /W^fi 1 ) , 

40 *5A^d7F^7 .r-tcfcOfttt -fmi/flMH 

c c©nmitnA(x. s 

sbmbksds-paoewk:. a{i#-©^*> F**-rescc 



[0030 ] 1&m<D9V7 : f-l'7%VJ\i Fa-5— If |C 
B. HTfc7}OTIfKSttttK**rrS. 
ftffl : 7jc©*3^K2 U7*>{cftffiLT. "tfJl/3i/> 

ssss : ^4 o°c 

SSpH :#*J7. 0-8. 5 
«Sc30t:fi4Ot:«T<pH7. 5:30#IH$S«) 
pHSStt:ft5. 0-9. 0 (2 5"C. 168^*4 

a) 

*U7?>&t2tf 5 Kml :^46mM 
^•8:^50, 000 (SDS-PAGE) 
4 7. 1 46 (75 ^ITO*P>*«>fcit#ffi) 
$7 8, 000 (¥)imt) 

mn&:m. 3 



[0 0 3 1 ] *»W©i'U75 i >7 3y>'b Fd7- ^ 
i^ftl©i'U75 1 >7 5y-/t Kn?- ^i©ttK©tL 
U4^1K7iVr. Sfc. *^©i'U7^>7 5y>'fc 
F a 5 — b' ©7 5 ^ K^iJ i^*0t?*5">a-F*^^ 
• ^"^^ (Rseudomonas putida) * U7f-> 

ray^t Fa?— tf©r3>KKW4©ffiHtt«. 6 

3.4%-c*0, M#©ikf5?:01 tc^-T. *JWi©*u 
7?>7 5^^t F07- fe'B, ISl-JKe^MiiTi^ 
»©MW4 «ttM©M^i»i^S^-C* 5. 

[0032] 

[Hi] 



(6) 



fclFPl 0-2 5 7 89 0 
10 





Arthrobactcr sp. 

TK1R5>fi 


Pseudaoonas putida 

Vdl . UdldCUalS \* OO 


Bacillus sp. B-0618 




4 CC 




4 0'C 




7. 0-8. 5 


8. 0 


7. 5-9. 0 




4 CCPJTF 
(P1I7.5, 30#fi3) 


4 5*CKiT 
<pH7,4. 30^-FbD 


4 OTCJilT 
<pH7.5. \o&m 




5. 0-9. 0 


5. 0-8. 0 


6. 0-9. 0 




4 5 








50, 000 
(SDS-PACB) 
2 


47.000 
<SDS-PACB) 
2 






4. 3 


4 7 


4. 9 



[0033] 

<sai> 20 



0. 3M HEPES pH7. 6 

1. 8% t>UT?> 

0. 0 15% 7x/-A 
0. 005% 4-72 ST>?W> 
6U/ml •tfAo^tf+S/^— 
6U/ml ^1/**^^— V 
[0034] <&0ga^> JJHCJRiKftS m 1 * 3 7 'C 

•cft3*HHUjiis&. o. 1 m 1 ©i^jgifr&Jni*.. 3 

7 , C-C£lS ) &B§teU 4#BKl£<*-l*fcf£ > 5 0 0nm 

CcJjpAT. fifr. H«ciUfcflBMt*MiT*. ±ia& 

[0035] USSffH 1 £feftDNA©#SK 
T-XO/'Ci'^- • i^t'-TE 1 8 26 (FERM 
P - 1 0 6 3 7) ©^fe^DNA*^©^r^SIL 
fc„ |51SSt*£l 00mlO2xYffift (l.gsFy^T' 
F>. 0.55filB{b^b , ;'5A(pH7.2))t?3 
71CT. — MSnftSl/fcfft. i£<l>#ltt (s.ooorpm. 10 

0.15 M&fb* F »J £ A£^/c®i8rC®tt£ifefr b 
2 0%->j-i'P"X, 5 OmMh 'JXfg® (p 
H7. 6), ImM EDTA£^A,/c*?g?g5ni 1 ICS 
SO. lmlOr/?-AM (lOOmg/W) £Jjn;lT\ 

3 7 "a 3 oarafissi/. 1 m 1 <Di%v<yo 

-OH^a^i/K. 0. 1MEDTA (pH9. 6 ) £ 
0. 5%£{b*S/9A&m OOSOl*.. JS#il£U 



30 



40 



50 



55,O0Orpm . 2 0 ^CD^C^Slt? D N A L 
fc. #&l,ft:DNAttlmM EDTA?r^/cl0m 
Mh'MM P H8. 0igjfc(OT, TE £B8!B) f 
&*tU f|8!{DNAtSa 0 oiL/c. Cfi*gsS©*nP* 
;l/A • 7 x y-;U^r^a^C^Si5c O*)!*:^ 
BKU 2{gS©x*>'-;U£ttI*.-C±f2;/jf£-C> *>5- 
gDNA£#8IU 2ml©TET«)gl/fc. 

[0 03 6]gffiM2. fUr^>7S^fcF09 
— tf£3- FTiaG^^-rSDNABrK-R^D 
N A BrJtfcWT ? * -©iBSS 

1 -CWc D N A 5 h g Zttim&m Sau3AI (Mft 
mi > -Cgp^JS? L, 2 k b p IH±.<DKKtc&M L/c 
ft. AHilSllfPS BamHI (JtfflMfflH) r^JKbfc pBluescri 
ptKS(+) 1 jujr£4T4-DNA Vtf-iz (%.mm) 

UHfrC. 16'C. 1 2B$fWJ5!Si*tf. DNA*£*SU 
tc. »eL//cDNA»x^i >;t7 • a';-DMl09 ©a 

*';^7"h>, 0.5)iSi ! t 1 ^, O.SXNaCl , 1%91>T 
10U/mT!f;ba->>tf*i/#~- M immW) . 5U 
/nl^l^i^-Hf (XfttfiK) , 0.0136 o-^7- 

50jtiq/m17>f>"J>, 1.55*^] tC&^U 
fc. *l/7*>75i^fc fefrSt*©^ffiSi> ± 

[0 03 7] ffiJSbfcDNA 1 MeSfcOifolOO.OOO ffl 

©ff*«lK&{*©ao--#f#6ft > ±fBX? 

©*££. ^fe(C^&3nSna--?:ltt€:mi^cL 
tc. C<DttZLB-mW%m (lS^'J^T'h^. 0.5?#» 
X+X. 0.5% NaO . 50Mfl/inl7>t''>';>) T?^tf 

FKB3R8. 6 kb P ©#ADNA»rjt^#aUt:te 
•)> CC^iF^pCNABlilfc. 
[0 03 8] ^>TpCNAB 1 ©*f AD N AfcfrMI? 



11 

btc pB"luescriptKS(+) iC^L/t:, pCNHAA - 1 

[00 39] mmm3 mmm&HDfrjs. 

pCNHAA- 1©#J4. 6kbp©#ADNA»rmc 



*<Di)"7#U->it'%&lCffl<* > RadioactiveSequencin 
q Kit mmm) *»<r»r. tt&£*l«ft£Lfc. ft 
SLfc««iE?lJ*$J;V7 5^®l2?>J«:iB9iM{C^Lft:. *10 

Pfu DNA *'^7- (X 
lOfgiggPftj DNA # 'J > 7 »7r- 
PCNHAA- 1 ($S3?DNA ) 
dATP.dTTP.dCTP.dCTP 

(!B9iJa©i2FiJ##3. 4fcffitt) 
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7-*Em#£- • x^t'-TE 1 8 26©*U 
7? >7 5 S?y t F a 5— h?©#^B£ii(J-gcUc. 
[OO4O]gi|0H a^^i-pCRHAR- 
l©f&£ 

P CNHAA-l©#ADNA»iW^l/7?>7S 
TKirCtBU&KmB. CfflHHfefr KTff o fc. 



5U/UD0 mi 
10M 1/100 All 

0.1 Mg/ioo mi 

■§0.2mM 
SI MM 



7-- y>? 



[ 0 0 4 1 ] < WI&#> 
gtt 9 5°C. 3 0#ffl 

1#3 0#BB 
4 5°C. 1#K 

7 5"C. 2#3 0#R3 
11MB 

[0 04 2] WBDNABrJTOl- 2kbp4, 
^ EcoRTf^KUyt pBluescript SK(-){CjI|£t>TpC 
RHAR-l*fBSl-fc. pCRHAR- 1©$IJPSS^ 
ifia*03{CjS-r. pCRHARA- l©»ADNA»f 
ttf*. f U7f->7 5 S^-/ fc F O 7— WtfirftMCDSIS 

[0 04 3]glM5_ »Sf5&f*©fft£ 
i^s y b7 ■ a';-3Mi09 ©=J>fcff> Hz;u 
ttK) *pCRHAR- £ME*tt£ 
i'j'Jbr-a >;-3M109(pCRHAR-l) 

[0 0 44] y t7 • 3V-JM109(pC 



(Sephadex) G-25 



RHAR-l) J&>6©*U7*>7Si?yfc F O 7 — ©8¥ & 
LB»gJfc5 00ml S:2 L7?X=HC#&U 121 

•c. 1 5ftm*-b*i'-7Zft<<K m%&> m& M 

B6jfiL/c5 0mg/m 1 7>f^>;> (tt/vJ?-* 
i>m 0. 5m 1 £8s»nU/c. C ©£ift{C L BigifrC & 
3 0*C. 7B#W^ig8Ufcx^i';b7 • 
3 y -DMl09(pCRHAR-l) ©Jg#®5 m 1 £&QU 3 7 

•cr 1 8 mMmmtwsmutc. tmmmco? U7 * 

[0045] ±fESft£is'l>7}&{C-CilMU 2 0 mM 

] )>fmmm, pH7. 5 km?! Ufa. ±.mm& i mw. 

fco ^6ilfcffli^>g«:*yx^l/>^5>K:J;S^ 



[L/> DEAEi2^rO-^CL-6B (7 7 

20 ;bv->7 ^-f+f}') *7Ai»n7Fy77^-, s|- 
*7Ai'07H'77 -*-(cJ;»)#BI-ffiSiU fit 

7 5i»t F07 — feSociii. mSi*W!ij(SDS-PAGE)B-KC 
Bl»-4rt> F*wO. C©B#©tt«tttt^2 1 U/ 

[0 04 6]«T1C, ±^^rffi{c<t*) #6^^1x7? 
>7 5 ^ y t F a 5 — fef©ttff £*rf. 
fftB: d'U75 L >K*©??aT(Cf^L-r > 1f;l/3-» 
30 :te<i:0^gi££f£T-2>., 

Mass : m o-c 

SSpH : ifo7. 0-8. 5 

m£m. : ^4 O'CWT ( P H 7 . 5 : 3 O^MSaffi) 

pH^3ttt:i^5. 0~9. 0 (25'C. 1 S&fflm 

m) 

^U7?>(C>Pt-r5Kmffl : i^j4 6mM 
frf-M.-.foSO. 000 (SDS-PAGE) 

47, 1 46 (T5./matf»>6jia>fciHMi) 

*fj7 8, ooo (y^^aa) 

40 ^S*:if^4. 3 
[0047] Slftgll7 

7-^n^i'^- • XXf-(Arthrobacter sp.)TE 1 
82 6 (FERM P - 1 0 6 3 7 ) £2 X YTiglfi 
(1.6*# y ^7" 15#»x+X. 0.53£lS{W- F<;3 
A, pH7.2)KT. 37-C. » 1-3 Bfel 

U7?>7Syyh Fn7--b*5:J*aX0/c. 
[0048] 

50 [^18©^*] *2P>S{CJ:9. 7-^0'<**-J '" 
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[0049] 
[EMS] 



: 7-* P * iXt'-(Arthrobacter s 
P.) 

tfcg : TE1826 ( FERM P-10637) 



Met Gin Lys lie Thr Asp Leu Glu Arq Thr Lys Val Leu His Asn Gly 

15 10 15 

Glu Lys Phe Lys Gly Thr Phe Ser Lys Ala Glu Met Asp Arq Arq Asn 

20 25 30 

Thr Asn Leu Arq Asn Tyr Met Ala Glu Lys Asp lie Asp Ala Val Leu 

35 40 45 

Fhe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 

Ser Phe Asn Arq Asn Tyr Gly Leu Val Val Thr Gin Asn Lys His Val 
65 70 75 80 

Thr Val Ser Ala Asn He Asp Gly Gly Met Pro Trp Arg Arq Ser Tyr 

85 90 95 

Asp Glu Asn He Val Tyr Thr Asp Trp Arq Arq Asp Asn Tyr Phe Tyr 

100 105 110 

Ala He Gin Lys Val Leu Glu Glu Ala Gly Val Lys Lys Ala Arq Leu 

115 120 125 

Gly He Glu Glu Asp Kis Val Ser He Asp Leu Leu Arg Lys Phe Ser 

130 135 140 

Asp Thr Phe Pro Asn Phe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

Lys Gin Arq Met He Lys Ser Ala Glu Glu lie Arq His He Lys Asn 

165 170 175 

Gly Ala Arq He Ala Asp He Gly Gly Tyr Ala Val Val Glu Ala He 

180 185 190 

Gin Glu Gly Val Pro Glu Tyr Glu Val Ala Leu Ala Gly Ser Lys Ala 

195 200 205 

Met Thr Arq Glu He Ala Lys Leu Tyr Pro Gin Ser Glu Leu Arq Asp 

210 215 220 

Thr Trp Val Trp Phe Gin Ala Gly He Asn Thr Asp Gly Ala His Ser 
225 230 235 240 

Trp Ala Thr Ser Lys Lys Val Gin Lys Gly Glu He Leu Ser Leu Asn 

245 250 255 

Thr Phe Pro Met He Ala Gly Tyr Tyr Thr Ala Leu Glu Arq Thr Leu 

260 265 270 

Phe Leu Glu Glu Val Ser Asp Ala His Leu Lys Tyr Trp Glu He Asn 

275 280 285 

Val Glu Val His Lys Arq Gly Leu Glu Leu He Lys Pro Gly Ala Val 

290 295 300 

Cys Lys Asp He Cys Ala Glu Leu Asn Glu Met Phe Arg Glu His Asp 
305 310 315 320 



(9) mm¥ 10-257890 

15 16 
Leu Val Lys Asn Arg Thr Phe Gly Tyr Gly His Ser Phe Gly Val Leu 

325 330 335 

Ser His Tyr Tyr Gly Arg Glu Ala Gly Leu Glu Leu Arg Glu Asp He 

340 345 350 

Asp Thr He Leu Glu Pro Gly Met Val He Ser Met Glu Pro Met lie 

355 360 365 

Leu lie Pro Glu Gly Cln Pro Gly Ala Gly Gly Tyr Arg Glu His Asp 

370 375 380 

He Leu Val He Gin Glu Asn Gly Val Val Glu Asp He Thr Gly Fhe 
385 390 395 400 

Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 
405 410 

[0050] mvm^ : 2 * mm 

BH?U<Dfi3 : 1236 £#S : 7-*cm'#£- • £-(Arthrobacter s 

ffiPiom :mk p.) 

r sj*n5/- : jgffift tfcS : TE1826 ( FERM P-10637 ) 

K5(I©83j| : 4VADNA * 

ATG CAA AAA ATC ACT GAT CTT GAA AGA ACA AAA GTT CTG CAC AAT GGC 48 
Met Gin Lys He Thr Asp Leu Glu Arg Thr Lys Val Leu His Asn Gly 

15 10 15 

CM AAA TTT AAA GGT ACT TTC TCA AAA GCG CM ATG GAC CGC AGG AAT % 
Glu Lys Phe Lys Gly Thr Phe Ser Lys Ala Glu Met Asp Arg Arg Asn 

20 25 30 

ACG AAC CTG CGT AAT TAC ATG GCT GAA AAA (AT ATT GAC CCT GTC CTA 144 
Thr Asn Leu Arg Asn Tyr Met Ala Glu Lys Asp He Asp Ala Val Leu 

35 40 45 

TTT ACT TCT TAC CAC AAT ATT AAC TAT TAC ACC GAT TTC TTA TAT ACA 192 
Phe Thr Ser Tyr His Asn He Asn Tyr Tyr Ser Asp Phe Leu Tyr Thr 

50 55 60 

TCT TTT AAC AGG AAT TAT GG^ TTG GTT GTT ACC CAG AAC AAA CAC GTA 240 
Ser Phe Asn Arg Asn Tyr Gly Leu Val Val Thr Gin Asn Lys His Val 
65 70 75 80 

ACA GTT AGT GCA AAC ATA GAT CGC GGG ATG CCT TGG AGA AGA AGC TAC 288 
Thr Val Ser Ala Asn He Asp Gly Gly Met Pro Trp Arg Arg Ser Tyr 

85 90 95 

OVT GAA AAT ATT CTA TAC ACC GAC TGG AGA AGA GAC AAC TAT TTC TAT 336 
Asp Glu Asn He Val Tyr Thr Asp Trp Arg Arg Asp Asn Tyr Phe Tyr 

100 105 110 

GCA ATT CAA AAA GTA CTA GAA GAA GCA GGA GTT AAC AAA GCC CGC TTA 384 
Ala He Gin Lys Val Leu Glu Glu Ala Gly Val Lys Lys Ala Arg Leu 

115 120 125 

GGC ATT GAA GAG GAC CAT CTG TCC ATC GAT CTT CTG AGA AAA TTC TCA 432 
Gly He Glu Glu Asp His Val Ser He Asp Leu Leu Arg Lys Phe Ser 

130 135 140 

GAC ACA TTT CCT AAC TTT GAA TTG CTT CAT GTT TCT CAA GAT CTT ATG 480 
Asp Thr Phe Pro Asn Fhe Glu Leu Val His Val Ser Gin Asp Val Met 
145 150 155 160 

AAA CAC CGG ATG ATC AAA TCT GCT GAG GAA ATT AGG CAT ATA AAA AAT 528 
Lys Gin Arg Met He Lys Ser Ala Glu Glu He Arg His He Lys Asn 
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17 18 
165 170 175 

OGC GCA ACG ATT GCT (AC ATT GGC GGC TAC OCA CTT GTT CM GCT ATT 576 
Civ Ala Arq He Ala Asp He Gly Cly Tyr Ala Val Val Clu Ala He 

180 185 190 

CAA GAA GCT GTT CCC CAA TAT GAA GTA GCA CCT GCC GGC TCC AAG OCA 624 
an Glu Gly Val Pro Glu Tyr Glu Val Ala Leu Ala Gly Ser Lys Ala 

195 200 205 

ATG ACT CGT GAG ATT GCC AAG CTA TAT CCG OVA TCA GAG TTA AGA GAC 672 
Met Thr Arq Glu He Ala Lys Leu Tyr Pro Gin Ser Glu Leu Arq Asp 

210 215 220 

ACT TOG CTC TGG TTC CAG CCT GGT ATT AAT ACT CAT GOA CCT CAC KC 720 
Thr Trp Val Trp Phe an Ala Gly He Asn Thr Asp Gly Ala His Ser 
225 230 235 240 

TGG GCA ACC TCC AAA AAA GTA CAA AAA GGT GAA ATT CTA AGC CTC AAC . 768 
Trp Ala Thr Ser Lys Lys Val Gin Lys Gly Clu He Leu Ser Leu Asn 

245 250 255 

ACA TTC CCG ATG ATT GCG GGT TAC TAC ACA GCG CTG GAA CGA ACT TTG 816 

Thr Phe Pro Met He Ala Gly Tyr Tyr Thr Ala Leu Glu Arq Thr Leu 

260 265 270 

TTC TTA GAA GAA GIT TCT GAT GCC CAT CTA AAA TAT TGG GAA ATA AAC 864 
Phe Leu Glu Glu Val Ser Asp Ala His Leu Lys Tyr Trp Glu He Asn 

275 280 285 

CTG GM GTT CAC AAA CCC GGT CTT GAA TTA ATT AAG CCC CCT GCA CTA 912 
Val Glu Val His Lys Arq Gly Leu Glu Leu He Lys Pro Gly Ala Val 

290 295 300 

TCT AAG GAT ATC TCT GCT GAG TTA AAT GAA ATG TTC CCT GAG CAT GAC 960 
Cys Lys Asp He Cys Ala Glu Leu Asn Glu Met Phe Arq Glu His Asp 
305 310 315 320 

CTG GTT AAA AAC CGG ACG TTT GCT TAT GGC CAT TCA TTC GGA GTT CTT 1008 
OOu Val Lys Asn Arq Thr Phe Gly Tyr Gly His Ser Phe Gly Val Leu 

325 330 335 

TCC CAC TAC TAT GCC OCT GAA GCC GGG CTT GAG CTT CCT CAA GAT ATC 1056 
Ser His Tyr Tyr Gly Arq Glu Ala Gly Leu Clu Leu Arq Glu Asp He 

340 345 350 

GAC ACC ATT CTC GAG CCA GCT ATG CTC ATT TCA ATG GAA CCG ATG ATC 1104 
Asp Thr He Leu Glu Pro Gly Met Val He Ser Met Glu Pro Met He 

355 360 365 

TTG ATT CCT GAA GOA CAA COG OCA GCC GGC OCA TAC CCC GAG CAT GAT 1152 
Leu He Pro Glu Gly an Pro Gly Ala Gly Gly Tyr Arq Glu His Asp 

370 375 380 

ATC TTA CTG ATA CAA GAA AAT GCT CTA GTT GAA GAT ATT ACT CCC TTC 1200 
He Leu Val He Gin Glu Asn Gly Val Val Glu Asp He Thr Gly Phe 
385 390 395 400 

CCA TIT GGC CCT GAA TAT AAT ATT ATC AAA AAG TAA 1236 
Pro Phe Gly Pro Glu Tyr Asn He He Lys Lys 
405 410 
[0 0 5 1 ] mim^ : 3 $k<D$k : -MH 

«Dfi3 : 49 r*n^- : gffiR 

W^lOSl : 50 iB5>JcDffl8l : £J&DNA 
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ACCAA GGCAG GAGAT TAACC ATCCA AAAAA TCACT CATC 49 

[0052] m&mn •■ 4 * mm ■. 

IB?iJ©S$ : 39 Y#ai>- : fttttt 

AATCC TGAAT TACTT TTTCA TMTA TTATA TTCAC GCCC 39 
[01 ] XmHOVlsTf-sTiVst Ft3 7— tf©7 a. 

5 ^KIH?IJ4^ b'*tZ • (Pseudomonas pu 10 [03 ] pCRHRA- 1 0>Mm.Wi5tM£wCt®V& 

tida) 1)m£.rZ>i>l'T?>T$V>;t &<D7 S. 

[02] [03] 
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(54) PRODUCTION OF CREATINE AMIDINO HYDROLASE 

(57)Abstract 

PURPOSE: To provide a creatine amidlnohydrolase useful as a clinical examination agent for the 
determination of creatinine and creatine by culturing a creatine amidinohydrolase-producing 
microorganism belonging to the genus Paracoccus or Sphingobacterium. 
CONSTITUTION: This creatine amidlnohydrolase is produced by culturing a creatine 
amidinohydrolase-producing microorganism belonging to the genus Paracoccus or 
Sphingobacterium, preferably Paracoccus denitrificans UNGS AND vamabushfungsParacoccus 
alkalophilus JCM7364, Sphingobacterium multivorum TE3580, etc., in a nutrient medium and 
separating the produced enzyme from the cultured product 



LEGAL STATUS 

[Date of request for examination] 30.03.2001 

[Date of sending the examiners decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdljpo.gojp/PA1 /result/detail/main/wAAA.ha40mDA407274961 P1 ... 2003/1 0/23 



partial translation (JP Publication No. 07-274961) 



page 5, right column, lines 8-37 

The obtained creatine amidinohydrolase showed the following properties . 

1. Following reactions were catalyzed. 

[0020] 

[chemical 1] 

creatine + H2O — ► sarcosine + urea 
[0021] 2. Km value: The Km value for creatine was about 22.8 mM. 

3. Optimal pH: The enzymatic activity in 50 mM K-phosphate buffer (pH 
6.0-8.0) , 50 mM Tris-HCl buffer (pH 8.0-9.0) , and glycine-NaOH buffer 
(pH 9.0-10.5) was measured. The results are as shown in Fig, 1. The 
optimal pH was about 8.0-9.5. 

4. pH stability: The residual activity was measured after storage in 
glycine-HCl buffer (pH 2-3) , acetate buffer (pH 3-6) , K-phosphate buffer 
(pH 6-8) , Tris-HCl buffer (pH 8-9) , or glycine-NaOH buffer (pH 9-10) 
at 25°C for about 18 hr. 

5. Optimal temperature: The enzymatic activity was measured at each 
temperature. The results are as shown in Fig. 3. The optimal 
temperature was about 35-40 °C. 

6. Heat stability: The enzyme of the present invention was warmed in 
50 mM K-phosphate buffer (pH 7.5) for 30 min and the residual enzymatic 
activity was measured. The results are as shown in Fig. 4. The enzyme 
was stable up to about 40°C. 

7. Molecular weight: about 68,000 (gel filtration method) 

about 50 , 000 (SDS-PAGE) 

8. Isoelectric point: about 4.1 (isoelectric focusing) 
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(54) f U7*xrasv/vf pn*— e©«ia* 



(57) 

[AWE] '<53?W • r^Y r "J 5 (para 
coccus denitrificans). ^a»W •7MB7^ 
?X(Paracoccus alkalophilus) SA:ttX7^»=f^ 
#7~')'y&" • vil/^sJ^^A (Sphingobacteriun multivo 



1 

*W7*>75y^W Fn^-tfOlSjiS. 

^'53«;*^ • f^-f F 7 4 (Paracoccus den 10 

itrificans) $/d*/*7:3 vilT, • T)ltia7 4 7*(P 
aracoccus al kalophi 1 us) V$> Z C 1 i "T SSf * 
m\&M<D*i<T ! f-l'T S "4 Fa •7- •£©$!{& 

Fn7-Hz£^*Stfc^WT*ft£W. 
a - ?3 y tjT, • ?? 4 4 tjyT, (Paracoccus den 
itrificans) I FO 1 4 9 0 7 ttcW^zi vij* • 7 
)Vt>U7 4 5 7 (Paracoccus alkalophilus) J CM7 3 
QAV&Ztt*ft®Lt?Zmimiffi8.0>? l/7f> 20 
7 5 ■{ F o v — tfoiSBSi*. 
[f»*iB4] *7 -< ^^f-y^AJgCCjRU #U 

( Sphingobacterium mul ti vorum)T#> £ C t €r9$f&i T 

[lf#II5] *7-* ^rnV^f-y^AJIKJIt,. *U 

i;-)A-7^7A 30 
(Sphingobacterium multivorunOT E3580 (FER 
M P- 1 42 09) r&£C<b4tS®i:-r£IS3jaSl 
IEiS©2U7*>7S^>'W FP7— fc?©tgji?£. 
[^©ifcffl&PB] 
[000 1] 

mm±.<Dm$w) #&ijiw:?u7*>7$i^w 

F a 7 - -fc?©$!!j©£ic HT *. 

[0002] £ U7*->fcJ:c*2U7?>ttlfiL?K£fc 

f*C4tt»Wl. WtHWJWE. WSfeWitt. fttt**. 40 

c©<k9&il»i=HT7fc&K:. ifoi«*fcttJSip 
© * 7 - J: * u 7 >*:£s-r 6 C t tfi-ffi. 

[0003] 

[aatofians] mtfrh* i>7*y(DjmmtL~at, 

ft^*ilBWb(c^fli#«KJ:gi!^LT. t*IW© 
7U7^>££fiTS:fiaa l £>!). 2fc7U73 i ->© 50 



t$BB¥7-2 74 9 6 1 

2 

SISiLTIJ, ^f4f©^U7? L ->Ki'U7^-> 

75 f^w Fo5— vzitmsn* gj&tzt^ry 

K.i>[s7?>7=.¥s^-<: Fa-5— fe\ -«f;i/3^>^+ 

[0 0 0 4]-*. Cft6©5ES£K:teJrfSf U7? 
~>7S F'W FU^~ tf. ^ U7^>7 5 S/^/W F 

■Wi. 8/»-F*^^JH. 7-*tmi'£-Jpi. 7 7 # 
W£>a=>9*XIH, 7JW*';y^^ 

is, ^-i/yfAis. 7^*F^:7*Ha, ay*'** 
T-y^AJi. 7d>?>'>''<*;i'*js t x^w^nwiiiiSj&fc 
^^nsci^ssn-cfcf), -e-©*©^o3!PiJH{c 

[0005] 

IfttWMfc b «fc 5 £ "T SISS ] *9ffi* 6. «±5B*BliS 
©flk©St*#>6. SfK d'U73 L >7 35?>'^-f Fci7 

— *i«rr * c 4 *f*#fc. 

[0 00 6] 

[ISS?:^-r5ft:S?)©^S] *^§6««^^f*L 
V^i>M^m$%Wfci$i>\'7 : f-i>7XV>;>^4 Fa5 
[0007] -r^to^^WttyS^^ i»*^SS/cB^ 

tCgily> *g#fj*tC*b75 : :>75y>'^-Y F07- 

i*^ii!iTSi'U7?->7 3^y^-<' Fa5--fe*©fg 

[0008] *mvc®mirz®L*M±\;-(:\z. '^3 

• 7 : 7 v -f F 'J 7 -tftl/Z. (Paracoccus denitrifican 

s ) % ;<73?*^ • 7>\>f}nv -tvX (Paracoccus al 
kalophi 1us)fc£**^tf e>ft*. ^7 ■< y^Wf* >) V 

• v^l/T^sK^A (Sphinqobacterium mu1tivorum)&<!:*# 

[0 00 9] SO:WJKI^'737*^ • r^-Y 
F 'J 7 4ilsX (Paracoccus denitrificans) I FO 1 
4 9 07. ^73?W • 7^*137 -t =77. (Paracocc 
us al kalophi "I us) J CM7 3 6 4. ^7 -f l/zlrtity-y 
•5A • "ZJl/fyFyA (Sphingobacterium rau1tivorun)T 
E 3 5 8 0 UHimtfhiTLZ. ^7 -i l>-JWf~ 

WJ* • •?)l/?-tfzr A (Sphingobacterium multivorau 
m) T E 3 5 8 0 «. MtfBffi£jRKSr0S?lfe©±aia> 6>» 



(3) 
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So 

[ooio] (a) %m 

( 1 ) mm fr^M 

(2) $m<0±%Z : 0. 5X1. 5~2. 5vi 

(3) *ijao^tt:ifL 

(4) mm&:mb 
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Purification and Characterization of Creatine Amidinohydrolase 
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Extracellular creatine amidinohydrolase (creatinase, EC 3.5.3.3) produced by Alcaligenes sp. 
nov. was purified to electrophoretic homogeneity by ion exchange chromatography on diethyl- 
aminoethyl-cellulose, gel filtration on Sephadex G-75 and hydrophobic chromatography on phenyl- 
Sepharose CL-4B. The molecular weight of the enzyme was estimated to be 51000 by gel filtration 
on Sephadex G-200 and sodium dodecyi sulfate-polyacrylamide gel electrophoresis. The enzyme 
showed the maximum activity at pH 8 and was stable at pH 5 — 9. The pi value was 4.7 as 
determined by isoelectric focusing. The enzyme catalyzed hydrolysis of creatine to sarcosine and 
urea, and the K m and V m&x values for creatine were 17.2mM and I05^mol/mih/rag protein, 
respectively. The enzyme was markedly inactivated by /?rChloromercuribenzoate (PCMB). Besides 
PCMB, the enzyme was inactivated by iV"-bromosuccinimide f Zn 3+ , Cu*+ or rig**. 

Keywords creatine amidinohydrolase (EC 3.5.3.3); creatine; Alcaligenes; clinical diagnosis; 

hydrophobic chromatography 

Since the Folin method, 1 * which is most commonly used in the clinical diagnostic analysis 
of creatinine in serum and urine, has the disadvantages of poor specificity and requirement for 
deproteinization, enzymatic measurement systems 2 " 5 * using creatinine amidohydrolase 
(creatininase, EC 3.5.2.10) and creatine amidinohydrolase (creatinase, EC 3.5.3.3) in com- 
bination with other enzymes (for example, sarcosine oxidase and peroxidase) are replacing the 
Folin method. However, the creatininases and creatinases involved have not yet been 
characterized completely except for those from Pseudomonqs putida. 

In our screening for creatinine catabolic enzymes, a novel species of Alcaligenes was 
found to be an adequate source for creatiniase and creatinase. 6) The former catalyzes 
interconversion between creatinine and creatine, and the latter hydrolyzes creatine to 
sarcosine and urea. The purification and characterization of creatininase produced by 
Alcaligenes have been reported previously. 7) The present report describes the purification and 
characterization of creatinase of the same origin. 

Materials and Methods 

Materials Sarcosine oxidase (EC 1.5.3.1) of Bacillus svbtilis origin was obtained from Toyo Jozo Co. and 

horseradish peroxidase was a product of Wako Chemical Ind. ( Ltd. Phenyl-Sepharose CL-4B, Sephadex G-75, 
Sephadex G-200 and Pharmalyte were purchased from Pharmacia Fine Chemicals. All the other materials were 
commercial products of analytical grade. 

Production of Creatinase A seed culture was established in a 500 ml Sakaguchi flask containing 110ml of a 

medium composed of 1.0% soluble starch, 1.0% ghicose, 0.75% meat extract, 0.75% polypeptone, 0.3% NaCl, 0.1% 



2156. 

. Vol- 34 (1986) 

MgS0 4 -.7H 2 0. 0.001% MnCl^HiO, 0.01% ZaSO 4 -7H 2 0 and 0.001% CuSO -2H O f n H 7 * „t « .r fn m 
rotary shaker at 200rpm. The seed culture (330ml) was used to inocu^a^ , , n lllZ??? h ° D a 
LABO LF-100 fermenter) containing 5 1 of a production j£2£iL & JS^^S 1 ^ ^ 
0.5% creatine, 0.2% polypepton 02"/ NaNO 0 \v\cU vn<trwsr?£. V" gIucose ' 2 -°% soybean meal, 

. ^^^^ 
usmg bovine serum albumin as a standard metaoa of Lowry et a/. 8 ) 

ins-HU buffer (pH 8.0, 0.9ml) containing 50mM creatine was incubated at 37»C Afw ™ • , , , 

Assay Method H: A mixture of 0.1 M Tris-HCl buffer (pH 8.0, 0. 1 ml) and 50mM creating »~,\ 
37»C and the reaction was started by adding an aqueotu Tenzyme rtffiHn 3? 1ft toe (°^> was warmed to 
37-C, the reaction was stopped by Jding iL^SZSSJ^^^^T^ * 
determined by further incubation* 37'C for 2o'min with ^S^^^SSST^?f "2 

, amount of enzyme which catalyzed the hydrolysis^! !SK^2^^ 

Electrophoresis— -Sodium dodecyl sulfate (SDS^polyacrylamide gel electrophoresis was performed fa inv 
polyacrylamide according to the method of Weber and Osho™ « . ^" OIBS ? s was pertormed in 10% 

the enzyme. Polyacrylamide disc gel electrophoresis wai v^^^S^^SSZ SSXlSSnf 
stammg of creatmase activity in the gel was carried out by the formation of dtfaraal^^o^ ^J****' 
conducted according to the method of Laas and Fast-JoLnsson^ using Ph^^n . ^roT ^"8 was 

Results 

Purification of Creatinase 

All tie procedures were carried out at 4°C unless otherwise specified. The culture broth 

l^SfSt^ ? 5Q °- iPm f °[ 20min t0 rem ° Ve mycelial ^ broth filtrate C 
brought to 75% saturation with (NHJ 2 S0 4 at pH 7.8 and allowed to stand for 15h S 

r^Sr ^^o?^^ 011 at 3500ipm for 20min was «^»d against 0.02m 

Tris-HCl buffer (pH 7.8) for 15h. Then 2% aqueous protamine sulfate was added to lie 
retentate (0.7ml/100mg protein) with stirring and the whole was allowed to stand for 15b. 
The supernatant obtained by centrifugation at 3500rpm for 20min was dialyzed against 

° >^Zr HC1 bUffCr ^ 7 ' 8) f0r 15iu ™ e crude sam P le ™* concentrated bjStfaHS 
with 75% saturation of (NI^SO, and redissolving in 0.02m Tris-HCl buffer (pH 7 8) and 
charged on acolumn (21 cmx 3.0cm) of diethylaminoethyl (DEAE)-cellulose (wLrrutn, DE 
23) which had been equilibrated with 0.02 m Tris-HCl buffer (pH 7.8). The column was 
thoroughly washed with 1 1 of the same buffer containing 0.15 m NaCl, then the enzyme was 
eluted with a linear gradient of NaCl (0.15-O.7M) in the same buffer. The partially purified 
enzyme from DEAE-cellulose chromatography was further subjected to Sephadex G-75 
oolumn chromatography (Fig. 1) and then to hydrophobic chromatography on phenyl- 
Sepharose CL-4B (Fig. 2). The purified enzyme was dialyzed against 0.02 m Tris-HCl buffer 
(pH 7.8) for 15 h and stored in a frozen state for further characterization. The purification of 
the enzyme is summarized in Table I. v ux 

The purified enzyme showed a single band on polyacrylamide gel electrophoresis in the 
absence or presence of SDS (Fig. 3). On polyacrylamide gel electrophoresis, the relative 
mobility of the protein band was identical with that of the band stained with diformazan. 
Estimation of Molecular Weight 

By both SDS-polyacrylamide gel electrophoresis and gel filtration on Sephadex G-200, 
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Fig. 1. Gel Filtration of Creatinase on Sepha- 
dex G-75 

The crude enzyme obtained by DEAE-cellulose 
chromatography (2.3 mg as protein) was charged on 
a column of Sephadex G-75 (84cm x 1.5cm), and 
10 mM phosphate buffer (pH 7.0) containing 0.1 M 
NaCl was used for elution of the enzyme. The eluate 
was collected in 3.8 ml fractions. Creatinase activity 
was measured by assay method II. 

O. creatinase activity; #, protein. 



5 10 15 20 
Fraction number 

Fig. Z Hydrophobic Chromatography of Cre- 
atinase on Fhenyl-Sepharose CL-4B 

The peak fractions of creatinase activity from* Se- 
phadex G-75 gel filtration were pooled and, after 
addition of solid (NHJ,S0 4 to a final concentration 
of 1m, charged on a column of phenyl-Sepharose CL- 
4B (5.5cm x 1.2cm) equilibrated with 50 mM phos- 
phate buffer (pH 7.0) containing 1 m {NHJjSO*. The 
column was washed with the same buffer and then 
50 mM phosphate buffer (pH 7.0) containing 0.2 m 
(NH 4 ) 2 S0 4 (buffer was changed at arrow A). Arrow B 
indicates a further change to 50 mM phosphate buffer 
(pH 7.0). The eluate was collected in 2.5 ml fractions 
and the creatinase activity , was measured by assay 
method II. 

O, creatinase activity; protein; , (NH^- 

S0 4 . 



Table I. Purification of Creatinase 


Fraction 


Total protein 


Total activity 


Specific activity 


Recovery 




(mg) 


(unit) 


(unit/mg) 


(%) 


Culture broth 


49820 


3890 


• 0.08 


100 


Ammonium sulfate ppt. 


44850 


3690 


0.08 


95 


Protamine sulfate sup. 


8580 


3350 


0.39 


86 


Ammonium sulfate ppt 


7750 


3180 


0.41 


■82 


DEAE-cellulose 


730 


2550 


3.49 


66 


Sephadex G-75 


220 


1270 


5.77 


33 


Phenyl-Sepharose CL-4B 


110 


935 


8.50 


24 




Fig. 3. Elcctrophorograms of Purified Crea- 
tinase 

a) Polyacrylamide gel electrophorogram. b) SDS- 
+ polyacrylamide gel electrophorogram. 




the molecular weight of the enzyme was estimated to be 51000. 

Isoelectric Point (pi) of Creatinase 

The pi value was determined to be 4.7 by isoelectric focusing. 

Effects of pH on Creatinase Activity and Stability 

The effects of pH on the enzyme activity and stability were tested by assay methods I and 
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Fig. 4. Effect of pH on Creatinase Activity 



The creatinase activity was measured by assay 
method I. An aqueous enzyme solution (0.39 unit/ 
0.1 ml) was incubated with either 0.1m phosphate 
buffer (Oi pH 6.0—7.5), 0.1 M Tris-HCl buffer (©> 
pH 7.5—9.0) or 0.1 M carbonate buffer (A, pH 9.0— 
\ 1.0). The enzyme activity under the standard condi- 
tions was denned as 100%. 



Table 31. Effects of Various Chemicals 
on Creatinase Activity 





Residual . 


.Chemical (1 mM) 


activity 


00 


None 


100 


E&yieBediaminetetraacetate 


108 


8-HydroxyquinoKne 


91- 


0-Phenanthroline hydrochloride 


106 * 


Monoiodoacetate 


99 


/7-ChloromeFcniribenzoate 


0 


Glutathione (oxidized) 


104 


/^Toluenesulfonyl chloride 


102 


Phenylmethanesulfonyl fluoride 


99 


tf-Bromosucrirnmide 


0 



A mixture of the purified enzyme solution (0.276 unit/0.2 ml) 
in 0.1 M Tris-HCl buffer (pH 8.0) and 5mM inhibitor solution 
(0.05 ml) in the same buffer was incubated at 37 °C for 30min 
and the residual activity was measured by assay method I. 




Fig. 5. Effect of pH on the .Stability of Cre- 
atinase - 

A mixture of an aqueous enzyme somtion (0.063 
unit/0.15ml) and 0.1 M buffer solution (0,15ml) was 
incubated at 37 °C for lh_ The pH was adjusted to 
near 8 with 0:5 m Tris-HCl buffer (pH 8.0, 0.7 ml), 
then the residual activity was measured by assay 
method II. The activity of untreated enzyme was 
defined as 100%. 

0» citrate buffer (pH 2.0— 7.0); Tris-HCl buffer 
(pH 7.0—9.0); A/ carbonate buffer (pH 9.0—11.0). 



Table EL Effects of Various Metal Ions 
on Creatinase Activity 



Metal salt (1 mM) 


Residual activity (%) 


None 


100 


MnQ 2 


96 


CoCl* 


77 


ZnCl 2 


14 


CaCl 2 


98. 


FeS0 4 


91 


MgS0 4 


100 


CuS0 4 


51 


HgCl* 


0 



A mixture of the* purified enzyme solution (0.260 unit/0.2 ml) 
in 0.1 m Tris-HCl buffer (pH 8.0) and 5idm aqueous metal 
salt solution (0.05 ml) was incubated at 37 °C for 30min and 
the residual activity was measured by assay method I. 



II, respectively. The optimum activity was observed near pH 8 (Fig. 4). Although the enzyme 
was stable at pH 5—9, it seemed especially labile at pH below 4 (Fig. 5). 

Effects of Various Chemicals and Metal Ions 

The creatinase activity was measured by assay method L As shown in Table II, the 
enzyme was completely inactivated by PCMB and iV-bromosuccinimide. The inhibition by 
PCMB, however, was reversed by 50% by the further addition of 10 mM dithiothreitol. 
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Among metal ions tested, the enzyme was adversely affected by Zn 2+ , Cu 2 * or rig 2 * and 
negligible effects were observed with the other metal ions (Table ITS), 

Kinetics 

Since the enzyme catalyzed the hydrolysis of creatine to sarcosine and urea, the kinetic 
parameters were obtained from Lineweaver-Burk plots, 13) using creatine as a substrate. The 
and V mBX values were calculated to be 17.2 mM and 105 /miol/min/mg protein, respectively, 
by assay method II, using a reaction mixture composed of an aqueous enzyme solution (0.043 
unit/0. lml), 0.1 m Tris-HCl buffer (prl 8.0, 0.1 ml) and 2 — 50 mM aqueous creatine solution 
(0,8ml). 

Discussion 

The creatinase and cfeatininase were produced by the parental strain of Alcaligenes sp. 
nov. at the ratio of 1 : 20 in terms of enzymatic activities (0.1 and 2.0 units/ml, respectively). 
By repeated selections for substrains producing a high titeT of creatinase, the productivity of 
creatinase (0.4uhit/ml) was increased approximately 4 times over that of the parental strain, 
while the creatininase activity (0.3 unit/ml) was decreased to approximately one-seventh of 
that of the original strain. 

Although creatmyl-AH-Sepharose was used as' an affinity adsorbent for the creatininase 
from Alcaligenes, the creatinase could not be separated from impurities which were retained 
on the column by the strong ionic interaction with guanide groups of the adsorbent. However, 
hydrophobic chromatography on phenyl-Sepharose CL-4B was found to be effective for the 
isolation of the creatinase. Furthermore, the creatininase coadsorbed with the creatinase on 
phenyl-Sepharose CL-4B was not eluted from the column with 50 mM phosphate buffer (pH 
7); the enzyme was finally eluted with H 2 0. 

To date, creatinases from Arthrobacter ureafaciens 1 ^ and Pseudomonas putida lx) have 
been reported. The former has not yet been purified completely, though the molecular weight 
was'estimatedito be 100000. The latter was purified extensively by Yoshimoto et al. llb * c) and 
found to be composed of two subunits with a molecular weight of 47000. Like the creatinase 
from Alcaligenes, the enzyme from Pseudomonas was inactivated by PCMB. The pi values of 
both enzymes are 4.7. However, the creatinase from Alcaligenes is a monomer with a 
molecular weight of 51000. The JS^ values for creatine of the enzymes from Pseudomonas and 
Alcaligenes are 1.3 and 17.2mM, respectively. In addition, on polyacrylamide gel elec- 
trophoresis, the enzymes showed different mobilities. It is worth emphasizing that the. specific 
activity of the creatinase from Alcaligenes is 65 times higher than that of the creatinase from 
Pseudomonas. 

The purified enzymes of Alcaligenes origin should be useful in the enzymatic de- 
termination of creatinine and/or creatine in clinical samples. 
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